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/ FOREWORD . , 

' The use and. improvement of traditional low-cost "building materials has 1 
6oc"upied an important place in the (research programmer of CINVA. As a 1 part o| 
these activities, considerable research has been.,d;p"ne with stabilized 'soil to i 
improve the use of a material which Uias_heen extensively used since colonial \ 
days in rammed-earth or similar- buildings. / ' I 

* ' i * ' / ^ 

One result of these researches' Was the development of the CINVA/-RAM machine, 

which combines the features of ■ being' simple to operate, efficient, and 'easy toj 

transport to places lacking motor rpids . This machine is designed .primarily . \ 

to stabilize earth with cedent, butMt has „been used in many countries to prewiuce 

building materials "utilizing"other stjabilizing agents. However, the machine, is 

st,ill« most commonly^ and widely usee to stabilize, soil with cement in order to 

obtain strong arid durable building materials. It is' employed in many rural and', 

■urban, areas, especially fo.r self-help land mutual aid housing programmes. , 

Although the /technique of stabilising soil with cement is a simple" one, 
.it' .nevertheless requires some degree of competence if the building material 
-obtained is to have the qualities rieedeld for optimum use. In /connexion with the 
CINVA-RAM machine 7 , CINVA prepared an elementary publication oh soil r cqment , 
which is not intended tc solve the many\pr6blems that might arise but/gives basic 
instructions for making soil-cement blocfes . The. United Na-tipns later published 
,a- Manual on $tabilized Soil Construction\ f or Housin g,* , based on experience 
"in various, parts of the world and intended for the use of engineers and builders. 
Practical /experience has shown. that. there\ is a need for . instructional material 
at a level/intermediary between these" two\ publications - the elementary and the 
advanced , / to meet, the requirements of qualified contractors and similar personnel 
who are not normally faced with difficult technical problems but who carry out 
a good:deal of stabilized soil construction.. This publication, - Soil-Cemen t : 
It's Use/in Building , has been prepared to meet this need. x ^ The order of 
presentation,, the terminology used, and the large number of illustrations, are 
designed to make the instructions more readily understandable with a view to the 
. greatest'. possible circulation and impact. A further objective is to promote the 
wider use of soil -cement,, which can lead to a, reduction in construction cost-g, 
wherever " favourable conditions exist, because* of the inexpensiveness of the v 
material itself and also, because it "can be made by the families themselves to' 
build, their own "homes . Its use may also provide* an adequate,, solution in rural 
areas where the production or transportation of other building materials is' 
difficult and costly. ' ', • 

■ - -~t . 7 ' 

'6IHVA takes this opportunity to thank all those who haive given encouragement 
; to or shown interest in the use of soil -cement, in conjunction with the, CIKVA-RAM. 

machine, npt only in Latin. America but in other continents. Sincere gratitude is 
..also: .expressed for the': collaboration received from many prof ess ional men, 

scientific* institutions and housing organizations in 'the task of , research. 

Rafael Mor.a--Rub.ip >."■'• v • ' •".,/•' • V 
• „ ■/' Field Director of the _ * , 

Inter-American Housing and Planning Centre , 

~ * Sale Ho. 58.-II.H.1*. - , , \ 
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This study was preparedly Engineer August© A. Enteiche G., staff member 
of the former Interamerican Housing and Planning Centre (CINVA)J. " v 



\ INTRODUCTION ' * ' - 

■\ ;"" " 

The use of simple compacted soil (natural earth) as a -building material - 
dates from time immemorial, and it can be said that ever since, and down to the " 
present day, the method of building houses with earth has been used, because ; of 
'its constructive qualities. Yet, despite its good insulating a,nd resistant ,v 
properties, there are limitations to the use of earth owing to its lack' of 
strength and its vulnerability to moisture "and the erosive effects of external 
; -agents. . ' ^ J 

Provided that natural soil possesses a combination of certaiVcharacteristics , 
•however, it can be subjected to the-, process known as "stabilization". The effect 

of adding a stabilizing agent like^Portland cement, for instance, is not only to. 

enhance its best qualities but to impart to it. other properties which soil alone 
[does not possess. " ' ' - 

i " ' 6 ■ • ~ . 

\ The stabilization process consists of taking soil from the earth, pulverizing 

it, adding to it a certain small amount of cement , • adding water until the optimum ■ 
.moisture content of the mixture is reacted, ' and subjecting it to moderate pressure^ 
.- thus producing a mass which, when set, possesses great strength. The result is 
"a materia*! able to bear a much higher work-load than could be carried by soil 
without cement, 'and durable enough to withstand the continuous effects of 
atmospheric agents, - . 

The compolmd of soil, cement and water, mixed in the proper proportions and 
compacted to the proper degree, constitutes "soil-cement". 

Soil-cement has acquired -a good name as, a building material, and it can 
■-• 'compete in technical quality with materials' commonly used in low-cost .construction. 

Its use is steadily and gradually increasing in all countries, particularly in 
.■rural and suburban areas. The simplicity of the technique involved means that 
peasants, and workers, without special training; can build their own homes 
inexpensively' and without the use of . complicated 'and time-consuming skills. 

/ This paper shows how soil-cemenif^may be used att various stages ih the 
construction of a house,- together wi;th a number of examples which mayr be helpful 
'-. -.to -anyone wishing tb use: this material for building purposes , * 

>;.': Soil-cement : iW use in building, is divided, into chapters , dealing with 

" basic facts 'and practical application; on: knowing, 'soils; soil as- .ai'e'bnst ruction- < 
'- material; 'the preparation of soil-ceme'nt; the use of soil -cement for housing; ' 
and accomplishments in -soil-cement . •'• ' . - ■ : 1 " 

'■■'■' The Author takes, pleasure, in thanking the 'staff »of: the. Inter -American Housing 
.'•'and Planning Centre, for their co-operation, and in particular Mr. Alberto Gonzalez 
Ga.nd.olfi and Mr. Raul Ramirez R. , / the former CINVA expert, for their valuable help 

- The author :also thanks Mr . ' AlejandrS Sandino P. / DirectoXof the Materials :/ 
Testing Laboratory of the School .of Engineering of the National University ' « ■ 
of Colombia, and Mr. Gustavo Maldonado L., Engineer in Charge of the Soils Section 
of -the Materials Testing laboratory of the School of Engineering of the National 
-'■■• University of Colombia, for their -excellent collaboration. 

° = - - B«g»t'a, August 15^3 



I . SOILS 



' • • ORIGIN 

" The earth's crust is the outer envelope of the solid part of the globe. 
The upper or surface part consists of a layer of loose fragmentary material of 
varying depth. The top part of this layer, which varies iji' coarseness , is 
called soil. It. comes from the decomposiHon of jock and of the remains of 
living creatures which a-re* found in it (fig". 

' ' ' \ * " -V^V'^ 

The living rock is turned to soil material af/fc"e.r sundergoing changes resulting 
from mechanical processes (disintegration), chemical processes (decomposition), 
and mechanical-biological processes. 

? -.If , a vertical cut is made in the soil, it will be seen that the latter is 
composed of layers which are sometimes quite distinct in colour and depth. This 
cut is called a eross -sect ion, and each layer is called a level (fig. 2). 

Soil may be considered as -a. compound of solid matter, liquid matter (wat«r) 
and gaseous- matter (air). The solid matter in the soil is formed of mineral- „ 
fragments in various stages of disintegration,, and decomposition. The solid 
components with the greatest degree of disintegration include sands, silts and * 
clays. Mixed with,..the,se is a varying amount of organic matter. 

' - < v '^:.V. ; * ' / ' 

The top layer of so'ii*;'- which is called the "topsoil", usually contains a 
considerable' proportion of organic matter as a result of the accumulation .of - 
mineral and' vegetable remains.- This J » layer' containing organic matter is subject 
in turn, to the £ff ects .of moisture and dryness, and to the soaking' of water 
through it. • Beneath 'the "topsoil lies the subsoil, containing little or no 

organic matter. < .<•■ 

■ . ■ -■■ , , ... v t • -• ^ ^ 

. » , ELEMENTARY PROPERTIES AND BASIC COMPONENTS * 



Elementary properties 

If soils are. to be used as a building material, it is most important to 
know . in advance how they may beltave under the various conditions to, which' th'ey 
will be subjected. in practice . -%jfct is, possible to predict the behaviour of . the 
material, by studying some -of i,tj§ properties, as follows:- • % ^ 

' * " ' 
.I nternal friction .- , ., 

———————— ( ^ 

This is the force which resists the sliding of one -particle over another. 

* ^ 

Internal frictions are produced in a clayey mass or a mass of sand, >// . 

according: to -the moisture content; in clay's., because of their consistency,—-'' 

the force^of friction is much less- than in- sands. r " . • 



1 / The reader is referred to the. end section - of this publication for 
figures. Nos . 1-93 in illustration of the -text. 

2/ See "States of consistency" in this chapter. 

: ' T .V''l, "■" .' . -1- 



Cohesion " - <- , / / , ® 




True cohesion, or adhesion, is. caused, by the forces of molecular attraction, 

which bind together 'the contact surf aces of" the particles of clay. ■'/■ 

r s < - 

■ - - ^ . , ■ / 

Apparent ; cohesion, or moisture cohesion, is the cohesion of soils- when •■ 

they are .moistened! with ascertain amount^of waiSer; th^s property is of fundamental^, 

" importance in the. stabilization of soils 4 since their cohesion can be" changed 

and improved-.. by appropriate" processes. i , ,"*' . 

. \ . ' : \ /"'■'■■'.:' 

" Glay is eohe-sive- only up to a certain" moisture content, because -if the small • 
part'io-les of water .covering the grains o^ the material become too large through 
ihe addition of more water, the grains separate and- lose their coh'esion. 

Compge s s ib i lit y | . ./' ■ 

Compressibility is the name given to the property,, which some soils possess, 
of diminishing i^vlffu&e when a given pressure, is exerted upon them. Such pressure 
h£s the eff epife^of ^reducing the porosity of the „soiI by diminishing "the /number of 

' voids.. v jf\ \ • ' *V **V; "' - ' 

*■ ■ r " - ■ ' 

: Elasticity '■ »,| - 

A soil' which diminishes in volume when pressure, is applied and returns to 
its former volume, or almost so, when the pressure is' removed is said to be 
' elastic . ; ■ " « 

-._•«> -< 
Capillarity * ■ 

This is the property, which soils possess; of absorbing moisture from all 1 , 

• .sides . ■ . . ? " ; . . - t . • " ' • / _ 

■ •"• . ■ ' ■• XI ■ " / , . ' 

'■■ The anquirt of capillary water—' retained by each category of soil will' 

depend on the number and size of, the voids it contains. The finer the sdil, the 

,/ greater is iijs capillary "capacity. This is because it- has more smiall ducts 

containing particles of water . ■ ■■ , 

t;t : r ~ : i':r- ■ ■■ '" '\ ' : "" 

Texture 

.Soils are > composed of . particles which vary in size and shape. Texture 
refers to the sizes 'and proportions of. the particles contained in the. soil. 
It is determined by granulometric . analysis . 

.Chemical- : compositionvand colour . - ■ 
. ^ - • ' 

- • As a rule> chemical composition is closely related to the colour of the soil ■.■ 

It is possible in many cases;' simply by visual examination, to identify the 
approximate chemical r cbmposition of soils by their colours. ■ ' ' ,. ' 

" /N/7 T- --t-* V - 

-i^ :-": ■: ■ - )-• -• ' . ■ ', s ■ . !■• • ' *; . , * ; 

a j/ Wefter attracted by the .narrow tubes or ducts between the partftcles of soil, 
r . owing to a physical phenomenon . known as capillarity . 

\" '-*"./ " -2- • ' \ , 

■..-*..-'■ .'.■■«*■■.■...'"-'• * y ' 

i- , :■ ■ ' ' .» ■ -. - ' . 



Among other colouring agents found: in soils, the following effects, produced 
"by certain components of 'iron and by organic matter, may be mentioned: 

Components of iron give the soil a red, yellow or grey colour. 

Large amounts of organic matter in soils make them dark or coffee- 
coloured; dark blue, dark grey, or dark green; broadly speaking, it can 
be said that, the darker a soil is, 5 the greater is the proportion of 
, organic matter it contains . " 

' Basic components , ' " 

A .soil is composed' of the following basic elements, .in varying proportions: 

very coarse sand, coarse, medium and fine sand, silt and clay. The usual method 
of determining the proportions is to classify the particles of soil by size, , 
through granulometric analysis. t ^ 

Iri the present paper, soil's have' been,;classif ied conventionally, on the 
basis of -their granulometric analysis and according to the name of the predominant 
basic component f as sandy, silty or clayey soils. j\ 

In order to facilitate classif ie«,ti6n7~Eowever , the basic soil components 
have 'been grouped according to particle size, as follows: 



. (a) Coarse particles, or sand's, from ^.76 mm to 0.07*1 vm. in size; 

Pine particles 
Wo. 2C0 sieve). 



(b) Pine particles (silt and clay), less than 0.07*1 mm in size (ASTl£/ 



/ i ■ . 

'. I. ' '/ 1 . ' 

Description -ofLjthg bagic^comporients f f r , '-. 

' Coarse particles • - ./ 

Sand. This, can be. regarded a/ the structural and inert element in soil. 
It is stable when moist, but unstable when dry. 

.,>•' Sand has a high' internal friction. It has no cohesion and no plasticity. 
It does not contract when dried. It is pervious,; and is compressed/almost 
instantaneously when pressure is applied to its surface. ' / 

" '/^X;- ■ .■;;/...'".'; " ^ ' ' 

Fine particles \ / 

• ■ ■-■ ". . 

* '■■■ /Silt. The. size of the particles cannot be° seen with the naked eye, but they 
feel gritty between -the teeth. Silt has little cohesion or internal friction. 
It may change in volume when worked. It is difficult to compact. 

' Clay . : This is the- active, fraction of the soil, to which it imparts important 
properties; both physically and chemically/ Because of its high plasticity, clay 
readily takes the desired shape. It is a/material smooth to the touch and sticky 
when wet . ' - 
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Dry elay absorbs a -considerable proportion of water with a notable increase 
in .volume; when it dries, it returns to it„s .i>r*girai volume, but the shrinkage of 
'the mass produces- cracking. It is virtually impervious, and is compressed very 
slowly when> pressure is applied to its surface. • ' . 



' IDENTIFICATION AND CLASSIFICATION ' ■; 

Before soil is used as a building material, a survey of the site .from which ' 
it. is to be' taken must first be made, after which samples of the soil must be- ' ' i 
"obtained for physical arid mechanical tests to' provide a detailed -knowledge of its \ 

properties. - 
'■ ' -> 

Survey • .. . , ^ . 

The purpose of a survey is to describe and classify 'the properties of .soils'-- 
at their -place of origin. v y 

' » In order to make a survey, a cross-section is /'cut through the soil to a 
depth of approximately two metres 'below the tops oil.- The t depth of the tops oil and 
the composition' of- the layers of subsoil - i.e. , the depth of those layers and 
the "materials qf which they are composed - will then be noted. 

' V ' -■ - 

' Taking a sample 



The sample of soil is taken from the same cut used for- the survey; it should 
be repregentative.W the materials at the site and must not include the topsuil, 
which contains organic matter. Such tops oil, where It exists, is identified by 
its pronounced darA colour and its characteristic cdour of decomposed organic 
matter ^ which becomes more pronounced if it is heated (figs. 3 a ^d 3 (a)) . 



The sample takeii should be used to .study the soil by granulcmetric analysis . . 
'and ^other itests. The^se tests will indicate the elementary physical properties and 
behaviour" of the spjLl^which is to be used. ^.^ 

The Jests can be tarried out either in the _ laboratory or in the field. The 

use of any given "method, of testing will depend' on the facilities, available in the 
area. -'It is desirable, \however, to make use of a .materials -testing laboratory 
whenever the magnitude '6£ the work so requires. . ' : ■ ' t 

Laboratory testfe . , -A \ 

This account of the \laboratory tests is given in very summary form and purely 
by ■ toy of "illustration, since this paper is intended to be of practical use to ■ 
construction'technicians. . \ 

' ■ ■ ' \ 

■. : V> ; .;'When the sample reaches \t_he laboratory, any material consisting of very coarse—^ 
particles (fig. k) larger than ^.76 mm (ASIM No. 2C0 sieve) is removed,' The •' 
• remaining matter is subjected \to the following tests, details of . which are' given' 
below: <■ - -> ; ...... . '' . ; 



(a) granulometric analysis! (b) states of consistency; (c)"' porosity, unit 
weight and specific gravity; (d)l compaction. , 

Granule-metric, analysis 

The 'basic soil components- are determined "by granulometric analysis, which 
measures' the size of the particles within a given range. This is expressed as a 
percentage, of the total weight of the matter "being tested. 

The soil" component^ are separated according to size with, the use of sieves. 
The sieves usually hear a range of numbers, which relate to established 
conventional scales. , ' 

It is difficult to make" a granulometric analysis of the fine soil particles \ 
by using sieves. For this reason,- the fine material is usually tested in the 
laboratory by "siphoning", and in the _ field by "sedimentation" . 

■■■:'.■'".■ . 

Testing procedure " • , 

■ The portion of soil to be tested, which has passed the mm sieve and may 

contain silt and/or clay, ' is . placed "in the No. 200 sieve and washed. Two groups of 
material are 'thus obtained. The portion retained in' the No. 2C0 sieve is again 
sieved through a set of mesljesAcalibrated from k.'jG mm to O.Otfh mm, and the size 
of the particles is thus determined (figs. 5 and 5 (a)).'- . ■- 

The portion whieh <has pfesped ^he Np. 200 sieve consists of silt and/ or clay, 
-and it is subjected to a test known as' the "siphoning method" > which consists 
of determining the proportions of silt and/or clay respectively (figs. 6 
and 6 (a)). , . ' « \ \ 

' States 'of consistency 

When dealing with a soil, : it is" very important to know not only its granular 
composition but* also certain pjfysical properties of the material, made up of fine • 
- particles . Tests have therefore bee n devised which make it possible to determine ' 
these properties, in 1 an approximate way, by studying the "states of consistency" of 
soils ^ ■ *;■■■■ ■ ■ ' ■.'.*■ 1 • -..' \...;,'.'. 

: Spils may assume various states , between, the extremes of solidi ty angL 

' liquidity, - according to changes in. their moisture .content which can be effected at 
will in- the laboratory. ' 

Consistency is the degree of apparent cohesion or moisture content of the 
particles in a soil and their resistance to external forces which tend to distort 

or destroy their structure. Consistency depends on. the. moisture .content of the 

soil. , ; i 

When a cohesive soil - for instance, clay - is very wet, it becomes a.- viscous 
-_ liquid Cfirst state of consistency). As the water in the soil evaporates > it 



5/ 'Method Suggested by Mr. Raul Valle Rcdas, explained in detail in annex 3-. 



/ 



-"becomes a s^oft solid) until a point is reached where very little force is needed 
to mould it into any form; it is now a plastic s s olid (second state). If the water 
cdntinues to evaporate, the soil next becomes a true solid , but it is still soft 
(third state). .It can no longer be moulded^ because it breaks before changing 
shape; /but two or more pie„ces will unite if pressed together. Finally, if the 
process' of evaporation continues, the soil acquires greater solidity and displays 
the general characteristics of a hard solid (fourth state) . ' „»■ ^ 

• . • V 

The Swedish scientist Atterberg established "limits" between thesfe four states 
of soil consistenc y^ H e gave the name "liquid limit" to^hat separating the liquid 
and plastic stat"eaijBHfi|istic limit" to that between 't'h^f§.as s t±c and soft solid; arid, 
"shrinkage limit" t^B B fc separating the sof"^ solid state from the hard state. * 

Testing procedure , i „ .- 

Liquid liirn't . This is the moisture content at which a soil begins to flow 
when shaken lightly in- a suitable apparatus'. It is, expressed as a percentage of - 
the dry weight of the soil. . 

It "has been established that this is" the moisture content at. which a mass 
of soil divided -into two, portions can be reunited, in a suitable apparatus by > 
shaking a given number of times (figs. 7 and 7 (a)). .. • I 

Plastic limit . ' This is the moisture content at which a soil parses frotti the 
plastic to the- soft solid state., * ... ?' ' ' 4 '« ' 



, - It has been established conventionally that this ^ is the moisture content at 
which a soil can be rolled with the- hand into ttireads ""approximately thre^e 
millimetres in diameter, whereupon the thread breaks (fig. 8). ' 

Shrinkage limit . This is -represented by a moisture content such that, even 
""'if the evaporation of water continues, the volume of the soil mass remains ; 
.constant, or in. other -words^ it .ceases, to shrink. = 

it has been established that, for testing purposes, a mass must -be prepareu, 
consisting of a small amount of soil with a proportion of water corresponding 
approximately to the liquid limit, as defined .above. /This paste is crammed into 
a mould of known volume, which is 'placed in an oven until the soil: is completely, 
dried", 'f drntagi g^^se . The- weight and- volume of the dry ciake is then .determined. 
■£DJie. figures'TSbta'SSed are - used? to calculate" the - shrinkage limit by a), certain 
^formula. v~\ '■ " 

-.- ■ -.S ■ 



\ 



Porosity, unit weight and specific gravity 

* \ -\ ■■■■■ T ' ■ . .■■ . ■■■■ ■ ! ; ■ " 



\ The >poros-ity- xif soil is the relation. between the volume of -wpids and the _ 
total "volume", " and" this" "name " is "given, to the percentage of the volume of the soil 
occupied -by the. pores. ■• » j 

- . Unit weight is 'the weight of dry soil contained in a given volume (the weight 
•per litre ..in kilogrammes ) . " ■ * 

. ■-, The unit weight of . a soil i is in inverse relation to its porosity and increases 
as it is compressedj since the same' volume then. contains d larger quantity of soil 
owing to the reduction of the voids. • - * . " 



Specific gravity, is the weight of' dry, solid soil contained in a given v,olume, 
without reference to the voids. •■ , ; .■ 



Specific gravity is always greater than unit weight*! When a -soil is 
-compacted, its unit weight increases owing to the reduction of the space occupied 
By" the pores. If a, sio.il .^geuld be compacted unjil it befcaljife a completely solid 
mags/ its unit weight-would equal its specific gravity.) •*; 



Gompa'ction • 

*■ .If we compress* a mass of Soil mechanically, we increase its unit weight; this 
process is called compaction * • ■ :. "■ 

: When a relatively dry soil is compacted, the particles cannot move, .within the 
mass "because of friction between them, which is' caused by the- ; lack o"f a lubricating 
agent- in. this case, water. This results in a high percentage, of voids and a low- 
unit weight. When a soil is lubricated with more water and then compacted, the 
particles move easily^ the percentage of voids is reduced, and the unit weight 
increases until a 'certain limit is reached. This limit to the increase in the unit 
weight is achieved when sufficient water has been added to produce the "optimum 
moisture content" of .'that soil; there < 6 is then- stiff icient lubrication to give, on 
compaction, the best" possible unit weight, i.e. , the "maximum unit weight". , 

./ » \-Jhen a. soil .with a certain percentage of moisture is. compacted, a given unit 
weight . is obtained. If -.the percentages cf m'i'sture are varied;- before compaction, 
^^gs ulti ng un it£---weights 'will also var, . if these percentages of moisture are 
related to the corresponding unit weights, certain values are obtained which can 
be represented graphically ln : the form, of a durve, known as a :" compaction, curve".- 
If we take the point of maximum unit weight in this curve, we .shall find the , 
corresponding optimum moisture content (fig. 9)< - ' '" . _ 

. .': ' ' .'-.-' •- . : - ^ ~ i. 

A soil, compacted to; optimum moisture content and -maximum unit weight possesses 
considerable, stability, even if it is later "saturated with .water . 

Field'tests .'.'■' . . ■ ..'•■■''''..■*" " 

•Soil, tests :.. in the;. ,.'ielu 6/ consist . of practical methods giving re suits which,,., 
although approxiraatfe, ar>: .-acceptable enough as a basis for deciding how the soil'^ 
should 'be used as a building Material. - . .- ' . 



; ! These field test's indicate the" percentages . of 'the basic components in the soil 
sample taken at the site, and consequently the type 'of soil tested. ." .. 

Eield tests may be divided into: 
-'- J . (i) General soil tests; • f ! . - 

V s * "■ . " ""■ r ■ • ■ ; ^ 

• (ii) Tests of the" fine fraction. ? - 



6/ See "Identification and classification"), p. 



The "general tests comprise/the following: / 

(a) Visual examination/ 

(b) Testing- by tcuch^' , ' , 

(c) Sedimentation. ' 

Tests of the fine fraction comprise the following: , 

(a) Shaking test;/ •■ 

(b) Dry strength' test; 

(c) Brightness test. . ^ • 

General tesjte 

Granular composition , ., . ' 

' ' ' ' 

a y'is aal exami-nati on . This gives an idea of the proportion and size of the 

coarse granular components (very coarse, coarse, medium and fine sands) and/ by 

inference, of the /fine particles -fsxlt and cl§.y) , since the 'smallest particles 

visible .to" the nailed eye are those of 0.07 1 + mm, i.e., fine sands. 

Testing by touch . The feel of a soil to the -touch indicates its basic ; 
component with. sufficient accuracy in the field. ,* ' 

" ....... .j, . - ..... 

The following procedure is used for this purpose: . ' 

(a) A representative sample of the soil is taken, the- very 'coarse particles, 
larger than' k. 76 'mm (gravel) , , being -removed. . ' • .' 

(b) The sainple is rubbed 3 be-tween the fingers, ®r between the fingers arid the 
palm. of the hand', to estimate the size of its components. *' 

■ / v . - 

Sand . -Generally speaking, coarse particles, or sands, when dry, have a 
characteristic rough feeling to the-.touch and la^ck cohesion., v The size of the 
grains, ranges approximately between 4. 76 mm and the smallest particle visible , ; 
to the'' naked eye (0.07^ iom) , - ' ' " ' 

V , ' ' . ■• ' "■' < . r, 

■ . Silt, and clay . Both silt- and Qjtay should -be^ tested by touch in both the dry 
/and moist states, as follows: - ' . .■ - 

Silt . Dry silt has a rough feel similar to that of fine sand, but less 
pronounced/ moist silt is of medium plasticity. . \ 

• '. 1 . ■ ■"■>■. 

". Clay . - Dry clay is usually in the form of coarse clods or , grains ^ arid,, resists 

pulverization; moist clay is very adhesive and plastic (figs. 10 and Yt) (a)). 

.. , 

Sedimentation test . _ This' 'test supplements^;. the_ preceding ones and indicates 

' the pr op ort i ons of -the bas i e soil components' with greater accuracy. ' 

v/e take a transparent glass bottle, with a,. mouth sufficiently wide -to be 
covered .with the Ijand, cylindrical or prisjm^i^ijx^hap.ey_with'a-^£lat bo_ttom r and'.. 



•with a .capacity of not less than one half -litre. Soil is placed' in the "bottle up. 
to one quarter of its depth. / Clear water is added' up to three quarters of its 
depth, and the j "bottle is left undisturbed until the soil is saturated with water. 

The mouth of the bottle is then covered with the hand, and the "bottle is 
shaken- vigorously and leftVtd settle on a horizontal surface. After one hpur, the 
same process of shaking and allowing to settle is repeated. After forty- five 
minutes it will "be noted, /without moving- the bottle' .from its place, that a layer 
of sand has settled at thfe bottom, and above it, in most cases, a second layer of 
sjilti will, have formed. - ibove~this second layer there will be water containing 
clay in suspension, whion--will gradually settle at the rate of 3&,mm per hour 
(tf igs . .11 and 11 (a) ).. / ' L " ' - . % * • 

• ,!- After eight hours/ the different basic components are measured. „ 



" The total depth 1100$)'. of the sediment in "the bottle is measured, disregarding 
■ the water -above the s/ediment. Each layer must be measured separately .and related 
to the total depth, Ind the result of this calculation. will give the percentages 
of -the ' components iry the '"soil which is being tested. < i 

Tests' of the fine firaction • '."-'".-'" \ 

'' v These tests of the fine -fraction are used to detect the silis and clays 
contained in a souL, and they may .reveal the presence of -very f ir^e sands which 
were not detected/by means of " the tests described above. . 

", - Soils eontaaaing large amounts of silt and clay show, marked changes in their 
physical properties when theirTmoTsture consent is changed. Many fine soils shrink 
when dried and ejcpand .when? mbistene'd. This is 'an unfavourable factor, when, they are 
used in construction work. 

.Silts are different from clays in many important respects, but because of 
their apparent similarity they are ofljep. confused. ■* Silt and clay, pulverised or 
dry, are 'identical in appearance, but they can be easily identified by. their 
behaviour in? the presence of water. ■~:<7 " ._ _ ' . 

Silts are fine grains', essentially instable in the presence of water. When 
dry, silt\can^be pulverize*- easily under the pressure of the fingers, y 

Clays have" a low resistance tqj*de;f!onaation in the moist state, but /they dry: 
-out in^jver^ cohesive masses. Violent shrinkage , or expansion with, changes in 
moisture "content. are--charaj^ris^ic of clays. They are difficult to compact when • 
moist." I / ■ \ ■'. i ; 

Ssparation (shaking) test „, , ,.<-,<> 

I -This test, whichr--is also called the "surface water test", is used to - 
-distinguish fine sand from silt or clay. • 

For this test, -we. use all the fine particles taken from the soil sample, which 
are separated in the following manner: 



• This test begins in the manner "indicated for the sedimentation jtest". The 
soil sample is. then, shaken, vigorously in .the .pottle and left to settle for thirty 
seconds. With the -.use"' of a siphon consfsting^of ■ rubber tubing, the -water, 
together with the „ material .in suspension contained in it, is then Immediately 
drawn off into a shallow receptacle. This type of receptacle is used to allow 
'this material also te settle, after which the water,., now without any material in 
suspensi 0117 'can be° poured off, while the portion of s^il wanted for testing 

i remains at "the bottom. Any excess water it" may contain is eliminated by 
evaporation. A portion of :i this material is then taken and rolled in the palm of 
the hand -untfl it forms a bail approximately 2.0 cm in diameter, which must be 
•brought to a soft, "but on no account viscous, consistency by adding the necessary 

^ater._ The ba^l is placed in the palm of one hand and struck vigorously against. 

■the other hand several times, so that ,;the ball is shaken, horizontally! (figs! 12 
and 12 (a)). • " . \ .... ; 

■ ' After the ball has been shaken, either -of the following reactions may be 
observed: . **'"".. - ' * * ' : .? 

r (a) A film, of wafer appears on its surface, giving it . a smooth, glossy and 

■ "livery" appearance.; or - . > 

i (b) There is no change in the appearance of the water on its surface.* 

Next, t,he ball is squeezedrlffith the fingers of the other hand (fig. 13), and 
.either -of the following reactions, -may occur: - . 

* ' ' . ' • . - _ ' - ,1 

,/ (a) « The 'water disappears from the surface, the small ^mass hardening and 
-eventually cracking or crumbling; . ■ ■ ' • ' . ■- 

(b) The appearance o'f . the water may not- change, the ball being simply 
*deformed into a dripping plastic mass. 

' In order to observe. the reactions that occur at both stages of the test - ■" 
shalSaag and squeezing the ball - it is desirable • tip. repeat these actions several 
timesv--- ■' ' ■» , 

. . v.. . - J- . „ ' ■ ■. 'H . 

— ~~— The reaction is called, rapid, if . the' water "appears and disappears quickly; ft 
is called slow if the water appears and disappears gradually; and it is called nil 
^_if the condition of the water does not appear to change. 1 \ . 

These 1 three reactions provide guidance for the identification of the fine # '. 

■ components of the soil", as indicated in table" 1. 



Surface water reactions in fine soils 



J — .■ . 

Type of reaction 


Effect on the "ball 


Significance 



. 

Rapid . reaction ' 


Water appears and 
disappears rapidly. 


Denotes a lack of 
plasticity and indicates 
a very fine sand or an 
inorganic silt. 


w 

Slow reaction 

i 

i • 


Water appears and 
disappears slowly. 


Indicates a slightly 
plastic silt or a silty 
clay. 


Nil reaction 

i 


V; The condition of the 
water does not appear 
to change. 

- *. 


Pressure of the fingers . 
produces a dripping 
plastic mass, hut no film 
of water appears and 
there, is no hardening of 
the hall. Indicates a " 
clay or an organic 
material of considerable 
plasticity 



• i 



Rg commendation : . _ ^- s . 

. In order to ^facilitate siphoning, the following recommendations are mfide: 

- (a) The rubber tubing. to he used as a. siphon should he completely filled 
with water and one end closed with the fingers. - j . _ /«*,.. 

(h) The open end should he inserted in the "bottle' to a depth slightly above 

the sediment. ■ . ; ■; ' > . ' 

" ' .v ■ ■■■<■ ■, ■ •<" ■ & ~ " 

(c) The closed end of the 'siphon should he at a lower level than the bottom 

of 'the hottle . , .. , . | , . , 

Dry strength, .test ' .' ". •; . : — . — — — 7— t 7 

..\tMs test' is used to "measure the .plasticity of the soil.. For this purpose, / 
the soil is separated in the same way- as for the preceding test and' "forme dj l^to- a 
hall moistened to the consistency -of' dough, with a diameter of approximately 
2.0 cm. . The hall musjt he i dried completely in a dry atmosphere, in the sun, or 
with direct heat. Its resistance to crumbling or pulverization is tested "between 
the fingers (fig. lk) , and may vary in degree according t6 the fine, components 
predominant in the soil.^ as* shown -in table 2. « < . f 



TABLE 2 1 

'• Dry strength test of the .elasticity of fine soils 



Dry strength 


i 

Effect on the dry hall 
- - 


Significance 


Low strength 


The hall can be -easily 
pulverized. 


Denotes a lack of 
cohesion and indicates 
inorganic silts, very 
' fine sands, or a. soil 
combination containing 
a small amount of, clay. 


Medium strength 

| 

r ] 

. ' ! 


, Considerable pressure of 
the fingers needed to 
pulverize the ball. 


Indicates an organic . 
•clay, silty clay, or a 
rather sandy clay. * 


High strength 1 


The ball cannot be 
pulverized 


Indicates inorganic and 
highly plastic clay. 

. .. i 









Brightness test 

This is a quick test for detecting s the presence of clay. 

\f The best way of making the test is to cut a mass of rather moist soil with a 
kftife. If. the' cut surface is s&eh to be bright,, this indicates highly plastic 
clay, while an opaque surface indicates silt or sandy clay (fig. 15). 

. ' \ 

Supplementary field method for identification of soil texture 

Table s 3 .7/ is included as a supplementary guide, to identification, in addition 
to the field tests. - ' , , • 



7/ Taken from Manual on Stabilized Soil Construction for Housing , United Nations 
:::j^lication, Sales .No.-: 58. II. H. 14-. ■. - - 



\" TABLE 3 

Field Method for Identification of Soil Texture V 



Soil 
Text- 
ure 


Visual Detection of. Particle ' 


. 

Squeezed in Hand and Pressure Released 


Soil Ribboned • 
c Between Thumb and 
Finger when Moist 


Size and General Appearance 

of the Soil - 


When Air Dry 


When Moist 


Sand 


Soil has a granular appearance 
in ■which the individual grain 
sizes can he detected. It is 
free-flowing when in a dry 
condition. P 


Will not form a 
cast and will fall 
apart when pressure 
is released. 


Forms a cast which 
will crumble when . 
lightly touched. 


Cannot be ribboned. 


Sandy- 
loam 


Essentially a granular with 
sufficient silt and clay, to 
■make it somewhat coherent. 
Sand characteristics 
predominate. 


Forms a cast which 
readily falls apart 
when lightly 
touched. 


Forms a cast which 
will bear careful ■ 
handling without 
breaking 


Cannot be ribboned. 


Loam 


A uniform mixture of sand, silt 
and clay. Grading of sand 
fraction quite uniform from 
coarse to fine. It is mellow, 
has somewhat gritty feel, yet 
is fairly smooth and slightly 
plastic. 


Forms a cast which 
will bear careful 
handling without 
breaking. 


Forms a cast, which 
can be handled 
freely without 
breaking. 


Cannot be ribboned^ 


Silt 
Loam 

- 


Contains a moderate amount of 
the finer grades of Lgand and 
only a small- amount of clay - 
„ over half of the particle's are 
silt. When dry it may appear 
quite cloddy; can readily he - , 
■broken and pulverized to a 
powder. 


Forms a cast which 
can be freely ■ 
handled- Pulverized 
it" has a soft flour- 
like feel. 


Forms a cast which 
can be freely 
handled. When wet, 
soil runs together 
and, puddles. 


Will not. ribbon but 
has a tiroken appear- 
ance, feels .smooth, 
andomay be slightly 
plastic, i 


-Silt 


Contains over 80 per cent of 
silt particles with very little 
fine sand and clay. When dry, ti 
it may he cloddy; readily - -5 
pulverizes to powder with a 
soft flour-like feel* 


Forms a cast which 
can be handled 
without breaking. 


Forms a cast which 
can be handled. 
"When vet, it readily 
puddles. 


It has a tendency 
to ribbon with a 
broken appearance, 
-feels smooth. 


Clay 
Loam 

' "\ 


Fine textured soil breaks into . 
hard lumps when dry. Contains 
more clay than slit loam. 
Resembles clay In a dry condition. 
Identification' is made on 
physical behaviour of moist-soil. 


Forms a cast which 
can be handled , **«. 
without breaking 1 . 


Forms a cast which 
can be handled freely 
without breaking. 
It can be worked 
into a dense mass. 


Forms a thin which 
readily .breaks, 
barely sustaining 
Its owfi weight. 


Clay" 


Fine textured soil breaks into 
very hard lumps when dry. 
Difficult to "pulverize Into a* 
soft flour-like powder when dry. 
Identification' based on cohesive 
properties of the moist soil. 


Forms a cast whjlch 
dan the handled .". 
freely without 
breaking. 


Forms a cast which 
can be handled 
freely without 
breaking 


Forms long thin, 
flexible ribbons. 
Can be worked into 
a dense compact 
mass. Considerable 
plasticity. 


Organic 
Soils ' 


Identification based on the high organic content. Muck consists of thoroughly decomposed organic 
material with considerable amount of mineral soil finely; divided with some fibrous remains. When 
considerable fibrous material is present, it, may be classified as peat. The plant remains or 
sometimes the woody structure can easily be recognized. Soil dolour ranges from brown to black. 
They occur In lowlands in swamps or swale. They have high shrinkage upon drying. 
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/•'/ VARIABILITY OF SOILS USED AS CONSTRUCTION &iTERIALo 

/ ."The purpose of 1 table k is to give an approximate idea of the possibility of - 
■'losing different ' soils as. construction materials by indicating the degree of . . r,/ 
workability, which will be considered when we deal with the- stabilization of 
soils ». ' 

> - . ■■ . - TABLE W _, : ■: • 

- Table of "Workability of Soils" used as construction materials 



NAME' OF SOIL ■ ., , 


PROPERTIES OF SOIL «-=»^, 


Permeability 
when compacted 


b/ v >; 
Workability—' as. a 

construction material 


Sands" a . 


"Pervious 


Excellent to fair , 


Silty sands ' 


Semipervious 
to impervious 


Fair ' 


Clayey sands < 


Impervious 


.Good 


Organic silt and very fine sands. ' ■ 
Silty or clayey fine "sands -with . " 
slight' -plasticity^ 


» Semipervious 
to impervious. ' 1 


Fair ~. ■,. '., . 


Inorganic -clays of low to medium 
plasticity. Sandy clays. Silty clays. 


,-),. Impervious. . 


■ ■ /'. • 

, Good. to fa'ir 5 

. - 


Organic silts. Organic clays of low , 
plasticity ; 


Semipervious 
" \, to impervious 


• Fair , ■ 

■i ■ ■ '? ... 


Inorganic, silts . Elastic silts . - 


. • ■ \ Semipervious 
. to impervious 


,, , . . Poor 


Inorganic clays of high plasticity. 


Impervious ~ 


Poor 


Organic clays- of medium to high 
plasticity J j 


Impervious 


\ y ' Poor , _ 



a/ Extracted from the" table given by, the Bureau of Reclamation, in Unified Soil 
Classification System . '* I 

b/ Workability of, a soil is the ease with which a given -material can be handled 
^ .. or worked in. a normal mixture, dry or moist, and ease of compaction. [ 




, BACKGROUND 

Historically, the first reference to the use of soil as a construction 
Imk&ial "dates from the time of Hanrjifeal, during the - Second Punic War, when it was 
Pf$|fca €0 "build watch-towers' for look-outs. These towers were seen intact by Pliny, 

Roman officer sent to Spain,, in the year 67, 300 years after -they had been 
fea^fected. Observers in recent years have vouclied for the. existence of these soil 
^fe'.structures, twenty centuries old. . « 

^ ■v.v^: in the "Americas , soil in its natural form has been widely used in buildings. 

^f&'Notewo.rthy examples are: the pre-Spahish structures raised by the ancient Indians 
in Peru, , using bricks and blocks of crude clay simply dried in the eun, the ruins 
of which can be observed to "this day. The bricks were of small dimensions, 
measuring up to O.kO m in length by 0.20-0.25 m in width and 0.10 m in depth;, the 
blocks were of enormous dimensions, being up to I.50 m in length and l.OD 1 in 
depth. These can be seen at the fortress of Paramonga and the ruins of Chanchan. 



SOIL AS A CONSTRUCTION MATERIAL 



. - The famous Church of Santa Cruz- in South Carolina, in the United States, 
withstood the violent Charleston earthquake with only slight cracking. 

'■" __The Convent of "San Francisco in the Argentine city of Santa Fe", whose soil 
walls '.were completed in 1695, is further evidence of the durability of this 

construction material. ' ^ 

■ . , • - -a- » 

Forms inrwhich soil is used ' • 



.Soil is used in construction in the" following forms: 

i * 

' ' (a); In the form of rubble, cut - from the surface of the earth, in pieces or 
blocks of- soil.. «■ ' \. .* / r' 

(b) > As bricks, made in wooden forms or moulds with soil- moistened to the 
'required degree. f- 

(c) Moistened soil compacted in situ in suitable rigid frames to form 
•monolithic wailing (rammed earth) . 

..-7 (d) As- -statilize<| soil, "by combining it with an agent iii ordkr to improve its 
constructive, properties-. , \ 

•:-•/■ ' : STABILIZED SOIL 

f ' ■ ,' • ""'■.< 

: * -ft Despite its good insulating and resistant qualities, the use "of simple 
compacted soil (natural soil) is vulnerable to moisture and to the erosive effects' 
of external agents f , >, ' ; . ' •• . 



■ ••• Soil stabilization is the name' given; to certain processes to which natural 
soils- are, subjected in order to make them more suitable for use as a construction 
■ material. . * 
" ' ' • . -15-" 



. { ... , -■ ■ • ■' • • v -v.; . . . • •• • ■ 

i The addition of stabilizing agents not only,/ enhances the "best qualities of 
soils, but/ imparts to them other properties which they aSLone do not possess.. For 
instance, /stabilized soil is of much tetter technical quality and more durable than 
•its predecessors, adobe and simple rammed soil, . which have definitely proved their^ 
utility %u construction work through the years. 

' - ■ . / \ i ../... « ■ ■ ■ , . - ' 

• The usual stabilizing- procedure consists of taking soil from the earth, 

pulverizing it adding some stabilizing agent ,^ moistening it to achieve the 

M 6ptimum moisture content" and therefore the •"maximum unit weight", and finally ,., 

subjecting .it, "manually or mechanically, to heavy pressure (compaction) in order _ 

to" .restore its original cohesion. , 

'Methods of stabilization, • ' * 

- ; ... \ 4. 

Methods of/ stabilization, must meet the following criteria: " 
(a) ■' The basic material used must be soil. 

■ (b) The resulting material must be able to withstand the effects ^ef^elimatic 
agents, in order to f retain its properties. . ... .. ' " 

(c) The process must be such as to give the, material sufficient internal 
friction and cohesion to meet -in a satisfactory manner the demands placed -upon it. 

The basic methods of stabilizing soil are as follows: 

(a) • Consolidation; ,. • - ■ 

yof Waterproofing; ,. * 

(c) Chemical treatment;. . • , \ . ■ . . 

• ' ' . ' ; .. ■ - w i 

, (d) Addition of a binding agent. ^- 1 

This list does not-include all possible methods> since there are some hybrid " 
methods which' combine two or more of the above . /\ ," , 

1 ■. 1^..... ■ /■■■■-. ■ ,y .. - ■ i ■ ■ ■ 

- Qnly the general aspects of the f first three. stabilization methods are dealt 
with here, but the fourth^ being the/subgect of this paper, is discussed in greater; 
detail. . . / l ' j . . \ 

, Consolidation \ s> ■ ■ \ 

■ - : - ' : \ ••'•\ ■ : . "' \ 

\ When soils are consolidated, their particles are dra^n closer together and _ . : 
their internal friction "is thus increased. As they become more compact, the 
number of voids is reduced, and this prevents the penetration ..of water, which might 

, affect the" internal\frict^.on and cohesion of the soils and cause changes of volume. 

Some natural soils reWise, the addition of one or other, of the basic soil 



components before they can 'be /consolidated. 

'! ' - s [■■,*<§.-<<: 

This method of stabilization is performed, in 11 accordance w^th the usual 

procedure mentioned above (see "Stabilized soil"). . 



Waterproofing 



Waterproofing consists of adding to the soil bituminous materials (asphalt or 
pitch) , which combine with the soil to form mixtures that are stable and highly - 
■ resistant to thS ; *penetration of water. Thus, the-smoisture content of the mixture 
remains more or less constant, and the result is a material possessing invariable 
properties. \ 

! ----- ""' . 

The low cohesion of some natural soils- is greatly improved by the addition of 
bituminous materials which ar.6 themselves sticky 1 and cohesive , and this is another 
of the peculiar advantages of this method. > 

'One of the most important requirements of this stabilization method is that 
the soil and. the bituminous material must be uniformly mixed. In order to obtain 
an "acceptable mixture, therefore, the soil must be pulverized, so that.. the 
bituminous material can be' distributed' uniformly. 

This stabilization method gives very effective results in the case of 'cohesive 
soils made up of fine parti'cles (clayey soils) which do not pulverize or mix 
-easily, provided that a suitable mechanical mixer is used. 

The drawback to this stabilization method in some cases is that the bituminous 
materials are vulnerable to- the. effects of soil bacteria, with the result that the 
absorption of water is increased and the material becomes unstable . 

Chemical treatment - • 

^Chemical stabilization involves the use of procedures designed to improve. the 
physical properties of soils through the addition of such chemical substances as 
..lime .or_sjCdium silicate and calcium chloride. 



Chemical treatment,' not only improyjes the .physical properties of soils but 
also, in some: cases, changes ; their iehemical* composition' for the better. In order _ 
to treat soi^ with chemicals, therefore, i$ is "necessary to know their chemical 
p.o-mp nsition. : .. : — . . . — 

Stabilization with' lime hot only produces chemical changes in soils, thus 
modifying 'their ^ elementlr^ prope^ies, ibut also has a binding' effect and increases, 
their strength. ' 

1 Addition of a binding, agenffi f % r' • ■ ' •-■ 

__ , , r ___ .'f > , 

This method consists., of mixing. a soil with some agent' so that itsf 'particles 
bind together and remain firmly united and unaffected by moisture vacations, thus 
prodicing a strong-, and very durable material. The -binding 'agent generally used is 
Portland cement. . ' " 

: For" this type of stabilization, ^fiiverized'^dil is thorough^ mixed with the 
proper amount of the binding agent, and "sufficient wa,ter- J £s~SaTrea to. hydrate the 
-cement, eventually causing the soil to consolidate. -The cement combines with the 
water, sets,, and forms a material of great strength. t . - . 



III. PREPARATION OF SOIL -CEMENT' 



INTRODUCTION' 



General 

The use 'of natural soil in the. traditional form of adobe or "rammed earth'' 
■is limited "because- of its low- strength, wkich means that it can only. "be~ used in 
walls, of great thickness, and its vulnerability to atmospheric agents, and 
especially t© the effect's of erosion. • / 

■ /■ ^ .. *'. ■ ' , . ' - - • 

If this natural soil possesses certain technical characteristics, it is / 
possible,, by adding to it v a small given proportion of cement, mixing -it with water 
untif the. optimum mpisj^ej?_ontent is achieved, and compacting it to a certain/ 
degree, to produce a mass possessing great strength when 'set. When this is done, 
the material can bear 'much greater - workloads than could be carried by the soil 
without cement, and. it also possesses maximum durability in the' presence of the 
continuous action of atmospheric agents'. The effect of the cement op the soil is 
to change the behaviour of its particles and to improve its' stability, converting, 
the resulting mass, into a stijuct lire .unlikely to deteriorate and 'of *g*eater 
str&pgfch. , .'.■--■.'■[:. _ 

This compound of soil, cement and water, mixed in the proper proportions and 
properly compacted, constitutes soil-cement. 



i 



• Influence of .the soij components 



The . ideal soil. 



■ '__ The^roper sisilb-f-or stabilization with cement is one whieh gives high strength 
and' does not shririk-.appreci.ably when dried. ' An ideal soil must be very ccmpactable . 
and must consist of a' mixture of sand, silt and clay, the latter two ip "such/a ■ 

-proportion as to give the mixture sufficient cohesion and a good granular / 
composition, without harmful shrinkage '(fig. l6). „ ' 

- Clay \ 7" J - * -• | 

. A'.-, r ■.:<;. ~~-7~'v~- — - ..... -- : ; ,' . 

^ f--~.y-.. 'i'..:!-.' ■'.">•■.-■:■-.■ ■■ . ~ r ~^~ ' • ■ r — . .■ ■, \ • ■- : - 

Clay 'imparts elasticity and strength to' soils." However, soils -which contain 
a percentage of clay higher than a- certain limit (25$)^ hav£ a. strong tendency to 
crack and -shrink with variations of moisture, when they become dry. '- • 

' ,' " ".* v.. ; 

Stabilization of clayey soilsjby t his method is costly, for the following 

T .' ' - • ■ . " t 7 ? / ; 



reasons : 



A greater amount, of cement is needed; 



(b) Pua,yerizatiaL of the clay is_a very ^Iott process . 




(c> / It 'is- difficult to moisten y the mixture of clay and-<?ement, owing-W-the c 
formatabn of clods . 



One way~of offsetting' 'these' disadvantages is to add a carefully measured 
amount of sand to the -over -clayey soil. When this is done, the soil meets the 
criteria for an ideal soil. 



Advantages of soil-cement 



\ 1 y " 



The addition of cement to soil produces a material which. possesses all the 
following advantages: \» • 



(a) There is little change* of volume /ihrougja^absorbtion or loss, 1 of moisture' 

(b) It does not deteriorate when submerged in water. 

(c) It has a compressive strength similar to, of even greater than, an 
ordinary brick of fired clay. 



- . PREPARATION 

The preparation of soil-cement should "be restricted to. the following stages: 

(a) -Components; - t 

(b) Mixing'of the components; 

•' ■ . i ■ 

(c) Compaction of the mixture; .' ' 

~X&) Drying and curing. • 



-Components 



—The- soil " "_v ; .. ./ . -' . ' 

Taking and classifying- samples '. - . ' 

: In order to prepare soil-cement, and bearing' in mind that not all soils are 
suitable for this 'purpose^ a survey is made of ,■ the area ad jacent to the work site 
and a note is made of the various soils available. After a preliminary visual ., 
se£ection, samples are taken and those considered unsuitable are discarded. ,The 
procedure to be adopted in taking samples -is indicated under' " Identification and 
classification" . * 

. ■ ~ » 

The" samples , obtained are tested, either inthe laboratory or in the field, 
in order to classify ijhe soil, or in other words, to determine its properties and 
,+■>»> pynpn-H-.s nno n-p +>.«j -h Raj-g-nQmp onen tR it contains. B eth tests are described 



clearly and in detail under "Identification and classification 



Selection: „ 



On the basis of the -tests, the soil most suitable for use in the preparation. 



of soil-cement is selected. 
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I 



b'aTt'dy soils are chosen, when avartaT5le7 he cause they produce the "best 

results wnen. stabilized. The optimum proportion is 75 per cent sand and^ 
25 per cent silt and clay; the content of clay included in the latter percentage 
should he. not less than 10 per cent. The sand in a soil constitutes its skeleton, 
1 ut a certain amount of clay is needed to bind the mass together. ■ ' . - 

' '.Broadly -speaking, the soils considered suitable for, soil-cement construction 
w-ork-are those containing a- minimum of k5 per cent sand with 55 per cent silt and 
clay, and a maximum of 80 per cent sand -with 20 per cent silt\ and clay. 

Soils containing organic matter, which is found mainly in^tlie topsoil, 
produce 7 unsatisfactory results 'When stabilized. . 

Tiie recommended percentages are only approximate, since soils may he found 
containing different prpportions of. the basic components from those indicated and 
producing favourable results*. In the case , of fine sails, this is due fundamentally 
to the., chemical composition of the soils, which -it is difficult to determine by 
field tests . 

" Recommendation : The, final choice of the proper soil .should be made on the 
basis of a prelm£iaaT^'"selection according to the proportions indicated above, and 
in the light of.ttie behaviour of .the soil when subjected to field tests (as 
indicated under "The • cem ent","' which allow the reaction- of the soil under 
consideration in . the presence • of cement and water to be observed. 

' ■ Once the soil sample has been* found to-be of acceptable quality and the site, 
•from which the material will be taken__has thus been decided, the preparation of 
the soil begins in earneft. ~ " ) .. . v 

.,»- ....... ~~r~ 1 - - . _ . 

preparation ' „ 

- In its- natural state^ soil 'may .possess a certain degree of moisture, which 

must be reduced by exposurejbo the air; for _thi» jourpose, the^oili_s_ spreacL in ' 

shallot layers on. a smooth surface and protected ag'ainst rain. 

The reason fcr reducing the moistness of the soil is to make it easier to 
sieve and later to mix, dry.,. with the cement. ' . / 



The soil has the proper moisture content- when a handful can be taken and 
squeezed and no water appears on the surface, and when the ball thus formed, upon 
: being released, disintegrates without the appearance of lumps. 

When the .natural moisture content of the soil has been: reduced , any clods 
which- it may contain are broken^ -up and' pulverized by striking then! with a shovel 
(fig. 17), after -Which the soil "is sieved through a screen held horizontally at a' 
height of approximately 0.80 m above the ground. This screen should consist of 
a U.76 mm wire incah in a wooden fram e ylth. two ''shafts" at ■ one end -ttr-allow -the ■ 
screen to-be sliaken while the soil is being ^sieved, and. f with the other end 
attached to .a flexible fitting from which" it" 1 ' is suspended (fig. 18>. ' 

' The material vhich has passed the'^rreen can bemused for making soil-cement. 

This -material must be stored in a damp-proof place) "near the area where the 
-soil-cement will be prepared. * ' 



. ' Soil-cement, when prepared, is ; a dcrr.pour.d of soil, cement and water. ^ The 
high quality of the resulting construction material, depends on ^he use of -the 
correct proportions of both the solid. .materials - soil and. cement - and the 
■liquid, component, water.- . ■■» . ; 'f? "r ■ 

The cement - - ^ ' ... i 

The oement generally^used is Portland cemen/, the technical qualities of 

^wMch ar.e3ri.dely known and are guaranteed by the manufacturers;. ^However, cement, 

must be stored indoors in a, place with waterproof walls and ceiling, and . the. 
floor, which must also be waterproof, should be raised above ground level. 

■ It should be noted that prolonged'' storage of cement causes .a gradual • 
reduction of its strength. Lurrps -also form and, this is & sign that the cement 
is old. or is being affected by moisture. 

' -In the field, the percentage of cement to be used in soil-cement mixtures 
i's determined experimentally,, varying the proportion of cement by volume between' 
4.75 per cent and .12.5 per cent and using the same type of soil. . ' ' .' 

The percentages mentioned must be adjusted according to the type of. soil 
used, in accordance with the following table: . : | »/ . 



a/ 

TYPE' OF SOIL 




NORMAL PERCENTAGE OF CEMENT 


Sandy^ . 




1+.75-9.10 


Silty 




-8.35-I2.5 ' • 


Clayey. , 




.12.5-15 .h (not recommended for use) 



" : See: "Basic components" -and "Identification and classif■icatibn , ^; r > _ . 

b/ In some cases, the use of bandy soil requires an increase in the percentage 
of cement. Four different percentages should be tried with the. soil to be 
] '.used' - two equivalent to the extremes indicated in the table for the 'type 
of soil in question, and. two intermediary ones. ■; 

For each percentage, three blocks are made in, o say, the following dimensions: 
29 cm in length, Ik cm in breadth, and 9 cr. in depth. 

The mixture is prepared as .indicated above unde^ "Mixing i*ie components"'*, 
and the same moisture content and compaction must be ensured in each case. 

" ■' .■■"'„..■ ' . • '" *S . ' 

The drying and curing of the blocks -must be. done in the manner indicated , 
under "Drying and curing" . .. V ' '*■■'* " " ' 

Fifteen days after they are made, bhe blockr, are subjected to the following; 

-..tests': -V' v v 
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(a) Tensile strength (fig. N 20). The tensile strength is tested) in* the 
following manner: The soil-cefitent block Is placed on two supports measuring 
2.5 x 2.5 x 15 cm, which are''"20 cm apart. In the centre, and on top of the 
block, is, placed a third support of the same measurements as the others, and 
from it is suspended/. by means- a flexible fitting, a receptacle into whictr 
weights are placed." 



The strength of the block c'£n\be measured by the weight that is added to 
the receptacle ~bef ore the block breVks. "The highest breaking point will indicat 
the best -quality block. i V "> 

. ;■' 1 "": ' ! i • V"""''"' • " "' 

s " (b) Unit weight . -Thifr is tested. by weighing" in a balance each of the » 
blocks that Tiave been made. The ."maximum unit weight" Will indicate the .best 
block (strength and durability are directly proportional to the "unit weight" 
of the material) .■ „ 

(c) " Sound test .' Upon being struck lightly with a hammer, the. block should 
produce a metallic sound. (fig. *2l)_." * \ — 

(d) Hardness test . If .a 10,, cm nail, for ^instance, is taken in the hand 
and the block is struck obliquely, no cavities 'deeper than 5 mm should be 
prdduced (fig. 22), ' .' 



(e) The block should have sharp, firm edges (fig. 2~*>') ■ 



(f ) The block should not' show any marked changes in its original 
dimensions. - .-. ' s 

(&) When su bmer ged in a, container of water 1 for aight_hpur*s, the block 

should not show signs of disintegration (figs:- 2k and 2k (a)). 

■■>■-.. , ,. t y. ■ - 

■ . ■ " - '"*.■' ,- ' - . ' 

The water ' * •' . . ' 

.. The amount of water to be used is* a fundamental factor because, if the 
mixture is either too dry or excessively moist, this will affect the workability 
of the, material and its subsequent strength and durability. • ■ 

' * ■ "V; ' • ' * .' 

- The amount ,of water v is that needed to hydrate the cement, to. give the 
mixture the' optimum moisture content" (this state is explained below) and to- 
facilitate the maximum Compaction of the soil. 

Each type of soil requires a specific degree of moistness if it is to be ' 
compacted correctly. Brqadly speaking, the total amount of water should vary 
between 8 per cent and 16 per cent ( in volume ?) . 

; Too little or too much water means more work in compaction, because it is 
-difficult for "the. components of the mixture to cohere., — 

.The, water clean, and should not contain any matter in ' 

suspension" which might^iffect the quality of the soil -cement. r 



Mixing the 'components- 



Pr eparation, area 

Economy is a basic factor in) the preparation of soil-cement mixtures: 
Rational planning of the "preparation area" is therefore essential (fig. 25). 

* - J ' ; ' 

t - ■ > . - ■ 

It is desirable that 1 the components of the soil-cement shouM. be conveniently 

at hand,, and a' "mixing -base"- should therefore be prepared, consisting of a level, 

hard and non-absorbent floor, so that the components will not be subjected to 

variations 'of moisture through contact with the floor, and matter other than 

the components of the mixture will not.be picked up in the mixing. 

Dry mixing^ • ■ ■> 

Before the components are mixed, they must be measured, out in th^ specif ied 
proportions. For the purpose of measuring, it is desirable' to use a receptacle 
of known Volume and easy to handle. " . ' 

fBSfelt the soil has been measured^ut , it is dgnosited on the "mixing base" 
and spread, out in a layer "'nob deeper than, 10 cm. ";Me cement is- added by sprinklin 
it uniformly over the - layer of soil. , - ,, ■ 

It is essential for the cement "to be .distributed as ; uniformly as pdssible ■'■ 
through the soil. The mixture is .considered to be ready when all the material 
has taken on a uniform colour (figs. 26 and 26 (a)). -This operation can be done 
by hand or with a mechanical mixer (fig- 26 -(b)). _ Hand, mixing means, that the S 
components must be turned over with a shovel on the "mixing base". 



Adding the water , and wet ^mixing 

When the dry soil and cement are thoroughly' mixed, the mixture is spread 
: in -a "shallow- layer on the "mixing base", and water- is \ sprinkled on it f rom a , 
waterihg-can until the moisture, is. distributed u»iformly> throughout the mixture 
(fig. 27). . ' ' . 

. The amount of 'water added must be that needed to give the .maximum' unit 
weight . '' . .; ; . 

The optimum moisture content of - the- mixture can be determined by a simple 
field test, which is explained below. .■"■•'* 

Amount of water, needed - " . ' , ' " - fc . - 

The test consists of 'taking--.a::handful of moistened mixture and squeezing 
it in the hand . .When the hand is opened, any. of the following results may be 

seen. **" '. ._ :.; _,.■...'.— /" ■ . 

. : r (a) The mixture -retains the shape of the hand (fig. 28) without soiling it; 
it -■'cari: be pulled apart without disintegrating (f ig ., 2.9) ; in addition, if it is 
dropped from a height of 1.10 m to a hard, .surface, it will disintegrate into a 
. loose material similar to' the original mixture (figs. 29 (a) and 29 (,b ) ) . ' This 
means that the mixture has the right amount of water ■ / 



(b) . The mixture retains the shape of the hand-, "but sticks, to it and soils 
it; when it is dropped in the same way -as before/' it will not disintegrate 

but will flatten (fig. 30 ). T his means that the mixture has too much water . 

(c) ■ The mixture' crumbles and does not retain the shape oHfthe hand (fig. 31) 
This mixture has not enough water . > ^ 

Compacting the mixture - ' 

■ c . ■ " 

If we have, a mixture of soil-cement, .moistened with a proper amount of water, 
and We want it' to assume a specific shape when the drying process is, completed, 
the mixture is. placed into a" mould or 'form and is compacted. This moulding is 
callelj; "compaction", and it must be. carried out within two. hours, after the water- 
is added to the mixture. ■ 

In this operation,* the loo s-e mixture is compreased up to a certain limit 
and its total volume is * thus* reduced . When the process, is completed^ we shall 
have obtained a "maxlinum unit weight" and shall have a harder, more '.compact mass 
with a .minimum of voids. ' c > - , ~ ■ 

Two methods may be employed .for compacting soil-cement used in construction, 
as follows.: , . 

(a) One methdd uses shuttering-/ which may be of large size, making it 
possible to -construct one section after another of walling rammed in place," 
known as "monolithic walling". 

(b) The other system uses moulds, to prefabricate small-sized parts, which 
are joined together during the 'construction work. 

' ' The suitability of one., system or the other will_ be determined, in individual 
casesj according to local conditions and the building methods employed • 

S huttering method . v • 

For this method, the shuttering must meet the following requirements: 

(a) It must be rigid, in order to avoid distortion (it is generally made 
of wood or iron, suitably reinforced) (figs. 70 and 70, (a) ) . 

(b) e The length and depth' of the shuttering will depend primarily on- the 
dimensions of the walling and the facilities for handling it . 

(c) -The. clamps of the shuttering should 'be such as to allow rapid assembly 
and dismantling. - - _ 

Under this method the mixture, with its "correct" moisture content, is 
transported to the place where r the walling is being erected and is placed in 
the shuttering until jLj>. forms -a\ loose, uniform layer not more than 15 cm in depth 



8/ Also called. "forms" or "moulds". 



Compaction is effected with a metal or wooden rammer, the lower .end or which 
is shaped like an arch (or wedge), or which terminates in a square base ' . 
approximately 7.5 cm. square.' The lower edges or corners should be slightly 
rounded to prevent ' damage to the shuttering during, ramming. The shaft of * either 
>type of rammer: should be s round_and should 'be 1.5 m long (fig, 32). The rammer 
is used by driving it"' against the mixture with both hands. 

Maximum- compaction has becn-gchieyed when the strokes of the rammer;; produce 
a clear and metallic sound, in contrast, to the dull, muffled sound of the mixture 
when it is being rammed . ' ^ ^ % ~* . ' 

' ' A new section $pn be constructed, 'on the third day, on top of one already' 
finished. - . ' ', \ . ' 

Immediately the last layer of the^seetion or piece, of walling under 
'construction is completed, the , shuttering is removted^and the material is covered 
wUth%maist. sacking, which should be kept moist for three days. 

TKi's\ method allows -very rapid work. The resulting construction is very solid 
.and has a smooth finished surfaces Being monolithic, it possesses great stability 
^The" technique is simple and easy for anyone to learn: 

M oulding method • ■ . " - ^ „ r * ■ ' .; • 

, r '■■'■'"■ 'i ' 'J- , 

The method of compacting in moulds consists of making blocks by the following 

procedures: : s ' , . T '. / 

'■ y )'V- ' ' ■ : - • 

'/.. (a) In' simple moulds;' " ' ' 

,./. (b). By mechanical moulder. " ' - 



Simpl e moulds or forms ' . . - 

- — ■ — ~ r ■ \ ■ . ~~ ■ 1 s 

. The making ; of . blocks by this method requires the use of a rigid mould, ' 

which may be "made- of detachable pieces, hinged, or in one piece, and is usually 

-of T w6od, : - together with a rammer of the same material (figs. 33, 33 (a) and 

33 (b)). ^ ! ■■■ .,. . . '•■ ' ; 

The b 7 lock is, made in 'the following manner : The mould is placed on a flat, ., 
non-absorherit 1 surface, and the' loose, moi/st mixture is placed in it in _ successive 
shallow layers, which are individually : rammed until the maximum compaction is 
achieved: As soon as the block is finished and its. upper 'surface has been 
smoothed off, the mould is removed (fig. 3 J +). V , * 

. ■ :J: ? • .'' ■ ■ ; ■ . , . f '■' I 

There is one type .'of. mould which requires the use of a e special implement . 
for removing the mould from the block. This ^instrument, which is known as a- 
"pusher'", "allows the surrounding mould to be slid upwards, leaving the block 
' : " ' - " and 35 (a)). " 



figs. 35 



e in its- place ( 



-Mechanical mou Iders 



/.0 



Either ha rid -operated or motor-driven moulders may be used for making blocks 
by this method'. 

■; V "'-,"7: ■ ■ '-25-'. .' ■ ..' . .* ' 



"•^.Among the mechanical moulders' in "use, the following .may be- mentioned: the 
Landcrete , the Winget, the Ell son and the CINVA-RAM. • 

The CINVA-RAM moulder " ' ./'"'" 

" - This moulder (figs. 36 and 36 (a)) is operated as follows: 

(a) . The CINvAi-RAM moulder should "be set up in a level place inside the' 
"block 'preparation area" and near the "mixing base". 

..... # . . — i 

(b) The box of the 'moulder (a metal mould) should be coated on the- inside 
with a protective "film (oil or grease) to prevent the soil-cement mixture from 
sticking to its walls . Figure > 37 shows the moulder in its, "rest position" and 
ready for the box to be filrled.* '• • 

(c) The block -making process .begins with the insertion into the moulder box 
of some loose, moist mixture, the total volume of which depends on the ^ - 

, peculiarities of : the soil used. The volume required is determined in each case 
by trial- and error, after a number of test blocks have been made. s 

The 
-position 



\ 



(fig. 37 



cover is then closed (fig. 37 (a))> the lever is swungf-into its vertical 
, and the catch is raised to enable compaction "to bfegin (fig., 37 (h)). 

(a) As the level of the moulder is lowered, the^jaiston 'slides Apart of the 
way up, producing its maximum pressure when the # lever^Ls in a horizontal position 



(c)). 



(e) j When the block, has been made> it is removed from the - mould vby_ turning 
the leve? in the opposite direction until it is, again horizontal, but on the 
other sicjle, In this position," the piston has reached its maximum, height , 
pushing the block upwards and"" releasing it on top of the "moulder box (fig. 37 (d)) 

(f) The block is' carefully removed from the' moulder and taken to'i^ie. drying 
area (fig. .37 (e)). . N ' - . - 

Where blocks are to be made with very sandy soils, a plate must be-placed. 
in the bottom of the box before the loose mixture is, put in, in order to ,, 
facilitate removal from the mould (figs. 38 and 38 (a)). 

Drying and curing .. . 

■■■■■■ ". '. -v ' - ■ " i ■ V-V' 

The drying time of the cement is very important .in soil-cement'; for this 
reason, the mixing' and compacting operations must be performed and completed 
before that process sets in, or in other words, within a* period of two hours. . 

The ^drying'and the , subsequent setting of the dementi produefe, a decisive 
physical effect, forming a new skeleton in the soil. k. " , '•, 

The drying and curing methods to be used. for monolithic walling and for 1 
blocks are radically different, and they are therefore, treated separately. 
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Monolithic -walling • 

For drying and curing, .moftqMgshic walling needs a moist covering (wet sacking) 
for the first three days after it is made; thereafter, it is sprinkled .with a fine 
spray of water until the ' end of a period of eight days . . 

Blocks ! . ' 

To ensure proper drying, the blocks must be stored with adequate protection 
against sun and rain; - 

5 The blocks are kept away from the earth on a dry " level surface '(fig. 39)- . 

The blocks must be allowed to dry slowly and. without violent" changes of 
temperature . Loss of moisture must therefore be strictly controlled • during the 
"first twenty-four hours after they are made , in. order to prevent them from drying 
out?' completely all at once, since this- may affect ±h# quality of the. material. " 

After the first twenty-four hours", the blocks are watered regularly with a 
sprinkler (watering can) in a fine spray under low pressure (fig. ^0). 

■ ■ '■ - t 

On the third day after they are made, the blocks are stacked or piled, 

and spraying is continued until 'the end of eight' days (fig. 39, (&))• 

/.The blocks may be used for construction twenty-one days after they are made. 
. At tie -end' of that time, they have attained very nearly their maximum, strength, 
--and the major physical changes ( e ..gy, shrinkage ) have also taken place. 

■ y SOME COMMENTS ON ' CERTAIN SOIL CEMMT LABORATORY TESTS 

Reference has b'eeri made in the preceding chapters to field tests for 
'obtaining the proper proportions and quality of the components of soil-cement - 
in order to have a good end-product. A better 'material will be obtained if these 
propbrtioris and qualities can be adjusted on the basis of the results of 
laboratory tests. • . \ ■ ... ' 

These tests. will not. provide worth-while results unless they can be compared 
with other tests carried out with similar components and in accordance with 
fixed criteria. (international teciihltal standards). Comparison will make it 
possible to determine'^ -iih1e''V6sV'4 1 Lialities to which the- material being tested must 
conform as -closely as possible. ' t • *• 

'The technical .standards, mentioned above are established by institutions 
with specialized experience of construction material standardization. 9/ 
Information on. the subject should be obtained from them. . \ 

" " . o(a' " . / •, 

- ' - ^i. ■ \ - ^" 



9/ 1. American Society for Testing Materials (ASTM) . • 2. British Standards ' 
— Institution. 3. .'Other national construction -material standards 
.institutions. U. Association Franqaise de Normalisation. 



There follow some brief comments on some of the tests, used to determine: o * 
that -technical standards" 'are met: . • •■" » j - - '. 

'■ v . ■ ' . I ' . ' 

.•*y ' ; * ; • ~\ 

Compressive strength test . * ^ i 

This test is 'used to determine the- strength of the material (figs. ^1 add 
Ul.'(a) ) . \ Tf»it djges not meet "the required standard^ it_ should he borne in mind; 
•that:' " \ ■ / " - " " - J \ Y ' 

(a) \There is\~a cigar, relationship between the compression' test, the 
type of.- soil, the proportion of cement, and the optimum ^moisture "content % . 

■ ■'"■/■■is ^ • • ... - <•'' ' r ' '. t ■/ 

(b) Compressive strength increases with -age.' If it idoes not, the! soil 
definitely' contains some substanse which attacks t&e--cemeht . , ■>' ; , ° . 

(c) Compressive strength tends^to become grea_ter as unif, weTght increases. 1 
Above the degree of * optimum* mo-jsture content) strength will tend to decrease as - 
the. moisture content increases. 10 /- ■ - 7 . 

■ - . ' : \ ■ ■ <* ~^ ' ° -•■',.' 

(d) > Each-. soil-cement nrijp requires a certain cement content to give good' 
results;. above : this amount, increases In cement dp not give a corresponding 
increase in strength.' 11/ ' • i * ■ " , - " ,* ' . 

"'• ' - ■■ %,■ a ■ ■' ■- • • - ■. 12/ ' > 

Moisture-density relations te~st of spil -^cement mixtures — — ' ~ - ; ,„ 

• ~ ~ ~^ ,. 

•:•'•> This "test is Tised to; determine the-relatioriship between the iSoisture content 
of . %' soil-,cementr fixture and-i€s dry .unit weight . It is performed by varying 
the moisture content of a soil-cement v compacted in the laboratory, before the ■ 
cement hydration and under certain special conditions'. • 1 

:: . * ..The .moisture ' content and the corresponding compacted dry unit weight are -■ ■ 
plotted in a "Moisture r Unit Weight " graph of the soil-cement . This graph ; 
includes a point* indicating the "qptimum moisture content 1 "]; -to which \he ' ~\ 
"''maximum unit weight" corresponds. , * . '• ; • ■ x ■• . 
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Durability test 

r-iBuarabili-fey tests give the best, indication of the'behavidur of soil-cement • 
as* a construction material,^.. " « 

. -■■<>- * ' • „■ ■ ~— . \ ' 

'• ' ' ' ■ .!."' ■ r. • = - '. *' , '"':> " ' 

These tests .consist of laboratory procedures, and arg known as the 'Vetting- 
'.and-drying" and' /'freezing -and -thawing" tests'". Their results indicate, the most 
suitable cement " content . "... 

--.'/•• ^ ■' ■ • ' - .■■ , • ' . 



10/ This idea is taken from Emplerf de 'Bloques de Suelo-cemento en la 

construccidn de habitaciones fecondm icas, by Cesar Arriagada, Chile, 1955- 

ll/.' Manual on Stabilized "Soil Construction for Housing- , United Nations , 
^ publication, Sales No.: 50.H.H.4, p. 30. '. . :, 

12/ American Society fdr, Testing Materials, Designations D558-t^^ aiid ° 

13/ American Society, for Testing Materials Designations D559-U)- and D560-&U. 



- ' -. " t 

Wetting and ' drying "test- 



M'This test is intended* for determining the sqii-cement losses, moisture 
changes , and Volume changes Well and • shrinkage ). produced by j repeated wetting 
'and drying of compacted soil-eement 'specimens. lk/ The material is subjected to. 
"twelve successive, cycles o-f '-wetting • and drying^, after each aye le it is brushed, 
^nd the' loss in weight -of the dry material-, the moisture, content (absorption) in 
relation to" the moisture content' at the time of moulding, and the difference- in 
Vbltmie 'in relation to the volume at the time of moulding, are determined 
(figs. h2 and-te (a)). * ♦ , v 

, Freezing -and -thaw:^ tg s^i^- 

— - -- ' • -c.^-l^L t. 



In this test,, the' sdi-t-ceffloot is subjected to the effects of intense ; . 
-internal tens ion§7~and this discloses the soil-cement losses, moisture changes, 
and volume changes (swell 'and shrinkage) produced in compacted specimens of soil-- 
'cement- mixtures' by successive freezing and thawing.. The material is subjected 
„to twelve successive cycles of freezing and thawing; after each - cycle_it is # - 
''brushed, and .the^loss "in- weight of the dry material, the moisture content in 
'relation t(T the moisture contenl; at the time of moulding; and the difference In 
volume in relation to the volume at the time of moulding, are determined (figs. 1+3 
and 1f3 (a))'. A ' ? • ' * • '' 

'Water absorption test 

• " This- test indicates whether an increase in the- proportion' -of cement in a 
soil-cement mixture produces a standard reduction in the absorption of water. 

.'■ ,v ■;,■(. •• ."■ " ■ ■■ . ■ , ■ / • . • 

There is another test which concerns the absorption of water in relation 
to the compaction of the mixture; low absorption indicates high compaction. 

- i Where the results of the test deviate from the- standards; changes, thn be 
ma'de in the preparation of 'the material, by varying the compaction and/or the- 



affe.... 



proportion of cemen-6 in order, to obtain better results . ^ 



Shrinkage ■ test, '■ ... 4 - : 

— -/ - ^If- J ".j. .. . 

■1/, This. test is based on ^ih%, shrinkage which takes place when a soil -cement , 
' mixture dries. The" material' which shrinks the least is t|ie best in this respect, 



' - .There is another test, devised by Mr u . A.E.'S . Alcock of the Unit ad-jNat ions, ' 
i which makes it .possible to determine the proportion of cement, on the basis of 
1 the loss 4k length bJTshrinkage of the soil to be used. This method is, explained 
' in annex I (fig.-lUO. - ? 



V 



\k/ X A representative ^sample ofltbe soil-cement ; being tested. 



Unit weight test-—' 



The unit weight of -soil-cement varies according to tti'e type of soil x -and 
the degree of compaction". It- ranges from .1,500 to 2,000 kg/4m^. , 

A unit weight much below 1,500 kg/m 3 ' indicates that "the quality of the 
soil and/or the degree of compaction must "be improved. 

— s 

Erosion test . - 

This; t£st 'indicates the resistance of the soil-cement to the direct .effects 
of a fine spray of water under a certain pressure (figs. ^5 and ^5 (a)). It can 
he used to determine, the behaviour of the material, especially against the 
combined ef.fects of rain and wind. 

Since there are no refined standards for this test, samples containing 
different proportions must be tested in order to determine the most suitable 
product . " ' 



15/ See the , explanation of this notion under "Unit weight". 



'// "f ' IV. USE OF SOIL-CEMENT IN HOUSING CONSTRUCTION 

INTRODUCTION 

/// The preceding chapters have dealt with the fundamentals of soil science and 
the' use of soil a"s-^ construction material with the addition of cement. . 

-The purpose 'Of this ' chaptrer~'is to show the possibilities offered by soil- 
cement , as applieci to the various stages of construction of a house:' 
/' . - ...3- \ > l f^-^ 

The methods described are those normally used for a- simple building, in their 
fundamental aspects, and employing the most cciniionly* known craft techniques. In every 
operation where it is 'possible and economical to use soil-cement, this has been 
included; in other cases, some techniques and materials which may serve as . & ■ 
satisfactory adjuncts are recommended. 



r 

, FOUNDATIONS 

General . 

i, 

The site selected for__ the/foundations m\ast be capable of bearing the loads 
transmitted by the building./ " 

Foundations . consist/of two fundamental parts : the lover foundations, ,in contact 
witli the- bottom of the excavation, which are the foundations proper, and the upper 
foundations, which rise from the lower and are generally less thick. . „ 



The sTren^gi^^auifed'of the foundations varies greatly, according to the type 
of house and .the nature"" of the building site. It is desirable, therefore, before 
deciding upon the kind of 'foundations t'o be used for a particular house to carry 
out a soil survey from the standpoint of safety and economy factors . , If theire is ■ 
any doubt about the quality of the foundation site,' expert advice should be 
obtained . -; ~ 7~ "»''"-' , - '- 

The lower the strength of the foundation, soil, the broader the foundation' or 

"seating bas,e."' needed for fhe house. . ' " 

■' ' . • •>.',>■ , 

*■ The foundations of a 'house should preferably be continuous; consequently, no 
gaps should, be left in places where" there will be door and" window openings-, unless 
proper precautions are taken (fig. 1 +6)» . . .-' „?/ 

. ' - ' . V / . '• .' V 

Foundations should always reset on firm soil. 'On a firm but sloping site/-' 
it is usual, for reasons of economy and safety to follow "the. gradient; the/ ■• 
foundations arel then laid in slips j of varying length according to the^ gradient J( 
(Pig. hj). \ , ; ' i ^ ' ■ , ' ' ' ' . 

Soils-., firm enough for foundations are .those composed of stones, gravel*, ^ 
'"consolidated dry sand, and consolidated wet sand and compacted clays not subject to 
-appreciable moisture changes. * 



Soils unsuit able for found ations are thos e c omposed of ve g etable matter, dun g 
sar/ds, dumped earth or 'fills, and w^ak clays. . , 

When the site for the .house has been staked out, the excavations within which, 
-We foundations will be laid are dug. The depth of excavation will depend on the 
quality of the foundation soil, .which will determine its 'ability to bear the weight 
_OJL±h_e fou nda tions wit h out set tling or sinki ng of the soil. 

. ; If. the site for the foundations is of inferior quality," it is - ^ ^ 

'desirable to excavate deeper and to improve the horizontal based by laying 
down "materials which can stand heavy compaction wi,th a rammer (small stones ). * 



■ * At muddy or filled sites,, it is recommended Shat strong hard\food piles, of 
suitable diameter and length should be .driven into ; the bottom of -;he excavation at 
intervals depending on the . estimated load -(fig. &8). -.■ --■ , 

Even where the foundation soil is of ,good quality, it is recommended that the 



'minimum depth of wall foundations should be oAOxm in the case.. of 
trie weight of the roof 



walls bearing 
/ ' 

In order that, the weight of the house may be distributed- over a greater area, 
the lower foundations should be at least 10 cm wider than the upper foundations 
(fig... ^). ' 

In laying, the foundations of a house- -with walls of ' soil-cement., an important 
factor to" .consider is that- the foundations must be able to withstand destructive 
agents, "and particularly moisture. Moisture must not be allowed to , rise to the 
base of the walls. • . v .-, ';■ ! . ; 

.3?he strength gf the foundations must be at least equal to that of* "the soil- ^ 

cement walls, whether the latter are of "prefabricated blocks or monolithic. ■ 

The methods for foundations recommended ..below are economical., simple "and ' 

technically sound. The choice of method will depend on the materials available. 

' " Lower foundations ° 

16/ * " " . , ,: ; c , ... 



Cyclopean ' concrete 1 

For this type of foundation^ the bottom of the excavation -is covered with a 

bed of" concrete .('approximate depth: 10 cm) containing .175 kg" of- 'cement per cubic 
metre of concrete (l: 3. 75- 6 by volume, approximately ) on which is placed a layer 
of. washed stones :cf 7. to hO cm, so arranged\that spaces* arc- left between ' *'"'"' 
them and that they .are thoroughly embedded in the concrete. A second layer of the 
same type ff concrete is then added, so that the first layer of stone is -completely 
immersed.- and covered to a depth of at least 3 cm. This process is repeated until < 
tne required depth of foundation is.. achieved.' (fig- ^9„')' ; 

The. lower foundations are topped off with a rough, level layer of concrete. 



16/ Concrete to which are added-'"~Iarge- stones or boulders, in proportions varying 
' from 25 to hO pet cent. As this method for foundations does not ^use soil- ., 
cement, it is considered to be of general application. ' , 

f s ..... 3 ■ . '■ 
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Rammed soil -cement; 



Foi^thTs ^type of foundation /a mixture of cement and '.soil is first prepared in 
proportions of approximately 1:10 by volume, with an appropriate amount of 
water. 17'/. ; " 

A shallow layer of small stones, thoroughly compacted and suitably watered, 
should be placed, at the bottom of the excavation; the soil-cement mixture is added 
in successive loose layers 10 cm deep and ccmpact.cn by rammirig until the maximum - 
unit weight is achieved. 18 / The material must be rammed uniformly throughout 
the foundations until the required depth' is attained. The top of the foundation 
should be level and distinctly rough (fig- 50).', 

" ■ I " ' 

..Consideration may be given to the possibility of introducing into this type of 
foundation a certain percentage of small washed stone , which should not be larger 
than 5 cm. ' ' 1 

e 

Eammed soil-cement foundations must be laid at a well-drained site, since the 
cqmpressive^strength of soil-cement is appreciably reduced when it is saturated 
wi-th water. 



Soil -.cement blocks 



This type of foundation is constructed with prefabricated blocks made from 
cement and soil mixed in proportions of approximately 1:10 by volume ■ ■ 19/ The 
bottom of the excavation is levelled off and a layer of concrete, mixed in 
proportions of 1:3.75:6 by volume, is spread over it. to a depth of 10 cm and 
finished with a rough, surface. The first course 'of blocks is laid on top of t&is, 
in. a bed of mortar containing cement in the proportion of 1:6 by volume. The 
foundation is built up to the required height with successive cqurses of block's 
(fig- 51)- ".. 



.Upper foundations 



General "'"'->«.... >■• 

The top of the upper -foundation must be approximately 15 om above ground 
level; in other words-, the total height of ' the upper foundation" will be 
v approximately 15 cm. 1 *' 



i*- -when the lower foundation reaches ground level, the work of constructing the 

upper foundation goes on with the use of shuttering, which, is made of wooden 
'"-boards adequately supported. ^ , 

_ ■ The foundation shutt er ing, must b.e so made that the bo unds are perfectly : 
aligned, propped up, brached and secured against movement of any kind (fig- 52)-. 



See "Preparation". 



17/ 

18/ See "Porosity, unit weight and specific gravity' 

See "Preparation" . — - 



An upper foundation -is generally used for walls made of prefabricated blocks , 
since monolithic or rammed •soil-cement walling is built directly on the lower ^ 



foundations. 

Methods for upper foundations ' - 

Cement concrete - 

i 

This type of upper foundation is made of concrete containing 175 kg of cement 
per cubic metre of concrete, with stone not larger than 7 cm. 

Rammed soil- cement ~ 

For this type of upper foundation a mixture of cement and (sandy) soil is first 
prepared in proportions of approximately 1:8 by vedume, F with an appropriate amount 
of water. When the shuttering has been properly erected?, the soil-cement mixture . 
is placed in the mould in two equal and t successive layers.. Each layer 1& separately 
compacted by ramming until the maximum unit weight is obtained t 20/ 

..lt_jLs._fesaeXLtial--that the top of the upper- foundation should -be absolutely level 
and have a grooved surface to facilitate adhesion- of the mortar for the first 
course of blocks forming the wall (fig. 53) • 

The upper- foundation shuttering is. removed after five days. . ■ ^ 

The upper foundation surrounding. the house must be adequately waterproofed on 
the outside (with plastering or cement -based paint )i «* 

Soil- cement blocks ' .-- 

-This "type of upper foundation is made from prefabricated solid blocks of cement 
.mixed with (sandy) ..soil -in proportions of approximately 1:8 by volume . 21 / When. — ~ 
the line of the wall has been mark e d out'; 'thr ee cou i-ses-of blocks made to ther ~ t . . 
specified proportions are~ laid-. on^ top of the foundation and joined together -with a 
mortar containing waterproof ; cemeht~~xH--the-proportion -of -1:2 or' 1:3 by'velume. 
The vertical and horizontal joints in the three courses should be not wider than 
1' cm, . and* the mortar should be pressed firmly inwards, with a suitable -implement, 
into a V-'shape (fig. 5L)- ' ■ - 

General • ■ 4\ 



A wail ^is, 'any component .structure standing vertically 'and' consisting of parts 
which are." "Theld' together with a moist mixture * called mortar. ■'? Walling «can also be 
constructed monolithieally in situ- V n - ■ r "■■ » . r 

" . * ' i v.- \ 



■'20/ See "Porosity, unit weight and specific gravity*.' . 
21/ See "Preparation (The cement )" . 



The structural function of a wall is to transmit the loads imposed on it to 

the foundations, without effect to the wall itself. Another fun civ! or. of a. wall, is 

ito serve as a propection against the weather. ' " 

The thickness of a waj.1 is determined by the function which it is to 
perform in the house and lite materials of which" iir af^-to be constructed. 

Horizontal waterproof ihg j , 

When the foundations have been built up to the required level, the division 
between foundations and wall is marked by a damp course of horizontal insulating or 
waterproofing material. 

The purpose of the damp course is to protect* the wall from moisture which may 
rise from the earth by capillary action. / 

The horizontal waterproofing of a soil-cement wall may be effected in various 
ways, including the following: - 

Waterproof cement mortar " ' .. 



• This type of damp course is made with a mixture of Portland cemei^ and -sand in 
proportions of 1:2 or 1:3 by , volume] it i'sWdvi sable to ada to this mixture a 
further waterproofing agent, preferably a chemical one, in the amounts recommended, 
by the manufacturer. : 

The damp' course should be given an absolutely horizontal finish and should. 

be not more than about 15 mm in depth (fig. 51 )• ' 

t V ; ' . ■ .1 ' .' ' > 

The mortar is- spread over the surface of the foundation, forming -a horizontal 

layer which will be smoothed, off with a trowel (fig. 5*0,/ 

Bitumen ' . 



This type of damp course is formed by applying two coats of hot bitumen to the 
surface of the foundation with a brush. 

■ The foundation surface must be- clean and dry to ensure perfect adhesion of '. 
the bitumen* " "" » : ' 

;>,.,y-;7/ ■ :■■ : - ■ - ; ' , , J= ., v ..;:.v.: . ._. ^ 

Bituminous "felt - - ' , . ' p> ' ^ 

'i " * 

i '"- ■ '■ . ' . ' 1 

This ; type of damp course is lelid in the following-manner: hot-bitumen is 
applied with a -brush to the surface of the foundation', which' must be clean and 
dry, and a strip- of bituminous felt is bonded to it (fig- 55)- Where two strips 
of felt are- required, the strips must overlap, and be bonded, together with the \ same 
hot asphalt in order to obtain an absolutely unbroken waterproof .layer . 



Wall -building- " " , • • 

■ General 

Before work on building a soil-cement wall begins, all its horizontal and 
vortical* lines must be marked out . 

When a wall is being built, each course must be strictly horizontal and the 
wall-must be absolutely vertical; to achieve this, a carpenter's level, plumb-line 
and a string are used. These tools must be ^handled correctly (fig- 56). 

The gauge is a very useful instrument in building a wall of soil- cement blocks 
since, properly used, it enables perfectly 'uniform courses- to be laid. It consists 
of a piece of wood marked in lengths corresponding to the depth of the block plus 
the mortar . _ S;"- ' 

When worki^giniPon a length of. walling, a plumb and level gauge is placed 
at each end (fig. 5?) with the help Qf the "string", attached to each gauge- and - 
tightly drawn, the courses of blocks can be" ikept perfectly horizontal and vertical. 

Soil -cement blocks 

Building a wall of soil-cement blocks calls for the correct use- of tools. 

To facilitate and simplify- the placing of blocks \n the wall, the use of a 
"block fitter" offers a, simple, sure and speedy solutiqa (fig. 58). 

' ■' --i * ' " : - v • ' ' * ■ I :- . 

Bonding • . * . • . , ■ : 

-,$he way in which blocks are arranged in a wall is 8 called bonding ■ . • 

■ An essential requirement of correct bonding is that all "the joints should be 
..carefully arranged to ensure. the proper transmission of vertical leads. In other- 
words, 'alternate courses" are so laid that the vertical joints or seams in one 

course do not coincide with- those in the course below it. - 

" Bonding, or the proper distribution of joints, requires that the seams of a 
- course of blocks should coincide with the centre points of ||he block- face's in the. 
. course above. _ ...r ■ - " ' ^. 

. Figures 59 and 59 ijja) illustrate the bonding of soil- cement blocks in wall 
construction. ? ' * 

Wall junctions . _ . . • . _ 1 

: ■■!- ■■■■■ — ' "... ' 

The junctions of walls built with scjil- cement blocks must be bonded wherever 
■possible. Figures 60 -and 60 (a) illustrate two methods of joining walls of 
different "thicknesses ^ 

When a" wall of .lesser thickness is joined to a wall of greater thickness, it 
is desirable to insert between them an artificial joining device, using metal 
hooks, plates or mesh, as illustrated in, figure 60 (b). 



Figure 6l shows how cavity "blocks are used in joining two. walls. 22/ 

Mortar .. ." ' ■ . / 

~ — ' * - i 

General.' Mortar is a compound of 'certain solid materials and water which, when i 
mixed in the proper proportions, form a mass that sets after a certain time and 

hinds the' -blocks firmly together. ' 

The specific setting time of mortar varies according to the binding agent 
used (cement, lime, etc. ) » _ " . - 

The strength of a wall depends on the -combined strength of the blqcks. and 
the mortar. ' 

If blocks and mortar are of equal strength in a wall subjected to vertical 
loads, both will bear the pressure equally; but if there is any weakness' in the 
mortar, the blocks will be subjected to shearing stress resulting inevitably in 
cracks and fissures. , . " 

It is a mistake to use high-strength soii-cement blocks with weak mortars or 
low-strength blocks with good-quality mortars, since in the latter case, 
conversely to what occurs in the former, the failure will be in the blocks. 

Absorption .of water by the blocks from the fresh mortar is a .factor to be 
reckoned with in- soil-cement wall construction. In order to ensure a sufficient 
amount of water for proper setting of the mortar, it Is advisable to moisten; the 

surface "of the blocks in contact with the mortar. . v 

* .... '• * 

»■ . 
The mortar used between courses and in the vertical • joints should not 
be more than 1 cm in depth; it should 'also contain the amount of water required 'for 
correct setting. • ~~ : 1 - ■ " 

, - ' . ' o _____ . ... _ — _ ,.' --^> - — 

A very desirable feature of wall finishing is the "marked seam", which is, 
obtained by trimming the seams of fresh mortar between the blocks with a suitable 
tool, so that the faces of the blocks protrude (fig. 62). 

■' ; V " ' . - ■ , ■ ; . ■ r ■ . %: - - - ' 

"Types of mortar. The* following mortars can be used with soil-cement blocks: 
a) cement mortars; (b) cement and lime ^mortars; (c) soil-cement mortars; ■ ■- • 
d) mortars of soil-cement mixed' with lime.' 

The addition of a .given percentage of hydrated lime to a soil-cemerit mortar 
can yield very favourable results*. This depends on the type of soil used. 

■ - ''The most highly recommended mortars are those made of: (a) cement and 
"(sandy) soil in the proportions of 1:7 to 1:10 by volume; .23/ (b) cement with 
lime and soil in the proportions" of l/2 to 1 of cement, 1' to V^of lime and • 
8 to 12 of soil by volume. -. - ' - x : 



22/ For cavity blocks, see "vertical reinforcement" . 



When lime mortar is used, it solidifies as watei; is lost- through Waporation 
or absorption by the blocks, and setting takes place Islowly. 



Reinforcing - * 

General. Soil-cement is, • in general, capable of withstanding Certain shocks or 
stresses caused by seismic disturbances.- 2k/ ' ' . 

In regions subject to very intense seismic disturbances, tensile stresses 
which cannot be absorbed by the soil-cement material may occur; it is therefore' 
desirable to install pillars and wall plates, properly reinforced, to absorb - . ,. 
stresses of this kind.' Adequately reinforced pillars are placed at wall junctions, 
and reinforced wall plates at the top of the walls. • -.- ■ ' .. 

* , . * ';- 

..In regions where statistics show that earth* tremors are not too intense, the 
pillars can be 'dispensed with, provided that there is an adequate distribution 
of, interior anchor walls in relation to the, external walls . Nevertheless, 
it isf'always advisable to add a wall plate, or beam which, serves to anchor ' » 

the whole structure and the roof. ., ; \- -■ * ■ 

. .... ^ ( f - ( . .- . ' - . 

PillarS, Reinforcing pillars for soil- cement walls are placed inside the walls 
themselves or at wall junctions; consequently, their dimensions- will depend 
or! the thickness of the wails . The smallest dimension -of pillars will be 15 cm 
through the thickness of the wall; and the pillars are reinforced with ,.,£ pur 
'iron rods 10 mm in diameter, with iron braces 6 mm' in, diameter every 25l&in. .The r - 
pillars should be properly anchored to the- foundation The concrete^sed in the 
.pillars- should, contain 2^0 kg of cement per cubic metre of concrete (1^2 JL/2:.lj- 1/2 
approximately by, volume) .- The sparse, aggregate, used - should ~be not largeS/than 
5 .'cm (small stone) . „ 1— \"" ' 

. , ■ - " ' , '. ■ . _- — ■ \. , 

Vertical reinforcement /' A type of cavity .block which-makes .it possible tqi instal-1-' 
vertical reinforcements inside the wall, in order to make soil- cement walls mere ' 
secure in 'regions, subject toearthquakes : is shown in figure 65.- These vertical v 
"reinforcements, spaced 'at suitable intervals, increase the stability of, the 
■-house. . .. . / i . ■ f ■' ' 9 \ " :' •"' 

Cavity. blocks are' made of cement, and (sandy) soil in the' proportions of 
•approximately 1:9 "by volume.- 25/ <■ . 

" " • ' 
This type of reinforcement -consists "of "iron rods ,6 or 7-5 ™ in diameter, , ; 
anchored to the foundation.^ The concrete fill, for this type of reinforcement 
' should contain 210 kg of cement per cubic metre of 'concrete . (l: 2..J5: 5 approximately 

by frplume). The coarse aggregate used should be not larger than -2- cm (very\ ■ 
;~BBJail'-stone):v:v . . . ' - \ 

^Figure 6 ( lj- illustrates' vertical reinforcement using cavity blocks . ,| . . 



2kJ Report' of the National Bureau of Standards . Soil-cement, is also capable of 
' withstanding ^shocks or 'stresses caused- by high winds. ^ 

25/ See "Preparation (The cement)". ; r ' / 



Another use of cavity blocks is in artificial T-4°i fi ts, as illustrated in 
figure 6l,. • * . •■ r ^ — "'; 



Wall plates./ In seismic regions, 'it is of the greatest importance to install-"" 
at the top or the wall .a continuous "beam which provides rigidity and contributes 
to the stability of the house. 2.6/ .'■ ■■ , ■ 



.Experience in areas exposed to earthquakes has shown that a wall beam at the 
top of- walls --is very necessary, because it serves to anchor the walls and' to take 
.the iron "ties holding the roof. The best material for beams is undoubtedly 
xeinfe^e-ed/ concrete; however/ timber has been widely used for this purpose with 
acceptable/ results. , , . . _ . ' 

It is recommendfed that reinforced concrete beams should' have" a, depth of 
10 cm and/a width equal to the thickness of the" wall, and should be • reinforced 
with four/ longitudinal iron" rods ! 10 mm' in diameter, with iron braces 6 mm in 
diameter /placed every. 25 cm. The concrete' to be used in beams should contain 
.2^0- kg of cement- per "cubic metrerof' "concrete (l: 2 l/2:k l/2 approximately by 
volume) . The coarse aggregate u'sed^shouid be not 'larger than h cm (small st;one) .' 

"...Figure 65 shows' -a special type of U-shaped soil-cement block which can 
be usedTto make crown beams without need of shuttering*. This method has, the 
advantages of simplicity and economy . _ *' . a 



-blocks of ' cement and ' ( sandy) soil are made in 'the proportions of ^ 

approximately 1:8 by volume. 27/ The preparation and use of, such blocks is ■ 
similar to that of ordinary blocks for walling. 1 

'u-shaped soil- cement blocks are ' reinforced with two iron rods 6-lCf mm in 
diameter, with braces of Wo. 10 wire (3-^29 mm in Siamexer) 28 / every 3p cm. ■■ 
Figure 6^ (a) 1 shows how U-bloclsfs are placed for reinforcement. The concrete 
to be used should contain 2'+0 kg, of cement per. cubic, metre of concrete ^ 
(l:2 l/2:h l/a approximately by: volume) . The coarse aggregate to be used should b 
.not larger than 2 cm' (very small stone). - . ... u. _. ® % j _ 



1- 



Horizontal reinforcements . In active seismic regions, it is desirable, in 
addition to -pillars, vertical 'reinforcements and wall- beam, to insert- iron rods 
6. mm in diameter; lengthwise in. the' body "of the wall, in the mortar, every three 
or four courses - . This horizontal reinforcement gives considerable protection 
against wall collapse^ (fig.. 66). ....... 

Lintels . The doors, windows and other openings' , in' any building s made of 
"s'dil-ce_ment'' ; blocks must have a structural component placed above 'the opening. 
This component.'.is known as a "lintel". ".. • 



26/ A 'Blam is to"be "rccommehded" in 'every case and in every building , including 
those erected in. ricn- seismic regions. . 4 ' 

27/ See "Preparation (The cement)". _ '. \ y ' ' ''" ; ■ 

28/ American Steel and Wire .Company (ASWC). 



The main function of. a lintel is. to jsupport the loads bearing down on it. 

Lintels* can ""be made of various materials, e.g. , wood, .iron "bars, and 
reinforced concrete (fig. 67). ; .' • 

• / ,; 

A rational way of utilizing soil-cement to make lintels is to use~U-blocks, ' 
applying the same techniques and /criteria as^ : were specified for wall^ beam, as 
regards reinforcement and type, of concrete.,- v ' ' 

After being prefabricated in U-blocks, the lintel is turned out on the floor ; 
when the time ne'eded for the drying and curing of tft% concrete fill is completed, 
it is transferred to its appointed place (ffig. 68).. - . " ' 

The overlap of the lintel ends embedded in the wall should be -not less 
than three times the depth of the lintel (fig. 69). ="-" . 

Monolithic walling of soil-cement - • ' ■«* 

Soil- cement 'walling of great stability can- be built monolithically. 
Construction work: begins at. the damp coytrse. For this purpose shuttering, which 
must be -perfectly plumb and level and in contact with the foundation of the 
house under construction, is set up. ■ Loose soil-cement is placed in the 
- shuttering . in uniform successive layers, which are compacted with a rammer.- 2$/ 
When the' shuttering has been filled it is immediately removed to the next ■ 



length or section to 'be built, so that- it abuts upon the "end of, the finished, 



\ 

section and_'the f oundatiQn i _The_ same proces's is repeated for the second section 
The seams between sections are bonded and are tongued and grooved 

{fig. 69 (a)). . ■ ; • • ■■' ' '/: , ( . - ■ 

For the form or shuttering, the recommended dimensions are:"'' height 0.80 nr 
and length 2.00 m. "'The" shuttering may be made ., of * wood. 'br metal. 

Types of shuttering are very varied. Figures, -70 and 70 (a) show some of 
-those used in construction of monolithic soil-cement walls. 39/ " 

* t* ■ . - ■ - ■ : , w * V-"- - . , x 

v„ The construction of forms requires' great care, for on their perfection . 

depends the- perfection of the wall.. Thea?© has to be a^jlan in their ddsign 

which will render a. maximum of rigidity , with a minimum weight.. • 

Y ? "The-: maximum depth of the form? should be proportionate to the ■ 
height of the wall. ■ It is not desirable to) produce a given number.? of > 
.complete courses (horizontal/ sections) and then to find that the \ 
shuttering must' be set up.- ^gain in order" to ram a final section of a, 
few centimetres. " '-" " • "-■ . J ». «> 

T-shaped junctions and angles of monolithic soil-cement walls may be , 
effected as shown in figure .71 50 / . > * 



29 / See "Compacting the mixture". „ t 

30/ Casas de tierra aplsonada y suelo-cemento . . Anthony F. Merrill. 



'It is possible in monolithic wall construction to fix boLts. in the top of 
the wall for the purpose of.; securing wooden wall plates (fig. 72). Alternatively, 
"concrete wall beams can be constructed directly onto the wall (fig. 75)- ■ 

" In this method of construction, it is desirable to make the lintels in 
-the manner indicated under the heading "Apertures". ,,.''■ - . 

Apertures " ( 

- Apertures are the openings which- are left in' walls, primarily for doors and 

windows . - ' 

■ • . • f. ■ 

The major constructional problem with respect to these openings relates.; 
to the supporting piece which is placed immediately over the door and'/dr'' 
window, i.e.', the lintel. 51./' ' ■ 

. It is customary' and traditional to continue using the same type of material 
for that part of the wall ly^ng above the door and window listels lk) . 

' ' ,, ' ' y 

■ Very noticeable constructional defects in soil-cement walls generally occur 
above the door and window lintels. To remedy' this fault, successful' experiments 
have been made, in the use of light materials (fig. 75): 52/ 

' * -S£*"? . ,;.,'- • 

"When the 'roof timbers rest directly on the lintel, the difficult^ .noted/ , 

.. above does 'not arise (fig v 7J>). . . 



Fixing of frames v 

'.'.-' wooden doer and window frames' are fixed to the .walls by means of pieces 
of wood called dowels embedded in the walls . ■ > , . > x 

■ * '..■■'.•' " ^ " "■ • {•' 

One of the most essential properties of dowels is; that they should have 
..maximum ..adhesion to the walls, and enable the frames to be properly secured. 
" ■■■ ■ . ' - . «.).'' 

Dowels must be protected against damp; the usual practice is to waterproof ^ 
them with a bituminous paint. ti ,'.'.. • ' ' .' . 

Figure 77 shows a special type of cavity block, designed to .facilitate the 
insertion of dowels -in walls made" of so ; fl- cement brocks;., 55/ .J. ^ 

Figure 78 shows- some of the types of dowel most commonly used , in building: . 
(a) -notched dowels; (b) dowels- sheathed in metal mesh; (c) dowels studded : w£th / 
/nails; - .(d); dowels forced' into position. The first three types are held ijn^place 
with mortar. , 



51/ See "Lintels';. '.'■'' '.'■.■' ; V 

"52/ This -solution is" the most desirable in the case of monolithic walling 
33/ This cavity can also be used to house the lugs which are usually f aunk 



oft" metal frames. 



-Ll- 



» ROOFS 



A roof consists. essentially of /(a) the roof ing; . 'and (b) the- roof supports. 

' Roofing , ' / ~ * 

The purpose of .the roofing' is to- protect the house against the effects 'of 
the weather. -, , 

Roofing materials- should be light and amenable to use with the least pitch , 
compatible with local weather conditions. 1 ■ " .* 

•'' } '. ' 

Soil:- cement roofing , ,. ' ' • ■ y „ 

If it is desired to use t soil-cement as ' roof ing f or, a house, the following 
^ methods may be used: (a) laths or reeds are laid on the roof truss or joists and 
nailed down; " a plastic mortar of cement and:, (sandy) soil in the proportions of 
1:7 hy volume, with vegetable fibres 3 cm in 1 length added as a reinforcement in • 
tile .proportion of one part to four- parts of mortar, is „ spread. over the- laths 
' or reeds . ' The .'layer of mortar should be 3 cm deep, duly compacted, and its , 
^Surface shduld be smoothed with a trowel (fig. 79). After the material has had • 
"time to dry and harden, two or three coats of bitumifious material are brushed over 
the surface ,in order to make' the roofing waterproof. 3V 

. A uniform- sprinkling of small gravel (maximum -diameter 5 mm >' minimum 
diameter 1" mm) over the last coat of bituminous material is recommended 
(fig. 79 (a)) v :- / ' . - 

Anbther-jjiethod/ similar to the above, lis the following: (b) laths or reeds 
. aref'laid on the^r'Sbf ,-"tm&S""6'r "Joists and nailed down; a plastic mortar of cement • 
land (sandy) soil in the proportions of 1:7 by volume is spread over; the laths 
\or reeds to a depth of approximately 1 cm and, compacted. Rus-t-'f reel baVbed^wire' 
v is laid? at intervals of .30 m' lengthwise and ''crosswise , , over 5 the fresh mortar . 

This vire n*esh is covered with a /further layer lot mortar of the same kind to 
• a depth not exceeding 2 cm. This is compacted arid, its surface ±& . -.smoathed,;-v£|^c;r 
a trowel (fig.8o). ; ) , v ' \ ■■ '| ■ 



-After -Hoe mortar hWs had t^lme to dry and'harcfcen, |.tis surface ie- finished 
as'\ explained under (a)? above . J A ' ; ; 



^ ^ ■ i ■: ' -A 

The, roof support I - 



'. The roof support should be -simple and designed toVbear the rooflng- 
and Jany fortuitous loads with comparative ease. . ■•. . \ 1 

\ ' ' \ 

A A , < ' * , ' 



3k/ Another method of .waterproofing roofing, is to apply two coats, of J.ime wash> 
\ ('see- "Paint "). - . ' ""' - v j 



The roof support may be of wood (known as the '-."roof timbers"), of metal or 
of reinforced concrete . ' 

* 

Figure 8l shows a wooden- roof truss made of boards, which is very suitable 
for abridged roo-f without centre support. ; 

This truss is recommended for its lightness, ease of constructio n, h igh 
strength, and low cost. 

' . 1 » \ . ■ t - . ' 

S6il-ceme a nt walls have little low resistance- to pensile -forc'es _coBsequently , 
the roof |* should transmit to the walls only vertical thrusts", eliminating all 
lateral thrusts .* ' -, ■ _ * .' ' ' 

» , 

Where roof timbers, are concerned, one -of the most important problems is how 
thc-y are to "rest on" the vails, and a correct method of securing or anchoring them to 
the soil-cement wall j must be found, (figs. 82, 82 (a), 82 *(b) and 82 (c)). The timber 
'Can also be secured to the walls by means of a. special wooden post called the "pola- 
plate-'!-^ which rests upon the wall beam and is attached to it with metal bolts or 
hooks through the pple beam!' or with metal clamps around it (fig.. 83)'. - 

' In .certain regions not subject to earthquakes', it is feasible to place the 
'" pole 'p.lat'e directly on the soil- cement wall, .so that it serves as a wall plate. 
When, this is done,., i-t -is ' essential to ' include below the beam, and directly on. 
top '-of "the* wall,- a^t^ihAayer of mortar (a mixture of cement and (sandy) soil 
in the proportions' of 8 by volume) 35/ to correct any unevenness in the . 
seating of the beam on the wall. In addition-, in order to ensure better 
adhesion between the soil- cement mortar and -the beam, .'.the portion of the 
latter which will be irt contact 'with the mortar - should be coVered with a metal 
mesh. • ' , ' . \ - 

: ■ ' v 

•'■"■'" i ■ . ' " " 

Where a house is built, with soil-cement walls, the roof^ truss can be 
made of metal parts, and can -be anchored' to the walls along the general lines 
indicated above. ., , _ 

- FLOORIKG = v 

" 4 xk r: - ' ; ' - .■ : . ■ • ' ' " ■ ■ » 

Flooring, must act as an -insulator and must be hard-wearing and attractive 
in appearance. '' . ' '''' 

If soil-cement is to be used in the! construction of house floors, it is 
recommended that one of the following methods be adopted: .' ^ _ 

Soil- cement made in situ ■ t ij 

'' .^■■.■■ fa :r r . : .:-y : ■ - : -■■ h- ■ " '~W " - 

The ground on which the flooring is to be laid mudt first be levelle<T-ta 
the required height or "trace level", which is usually marked on the. wall; 
ntbft, it is smoothed of f arid compacted. Compaction consists of ramming the. soil, 
adequately moistened and with small stone or gravel added. 1 ~ 

* . . ■ . : - ! ~ • ; .* - * , 

35/ See "The cement". ■ " 



. - When the floor base 36/ is finished, specific points,, generally on one 
level, are noted for reference purposes. x . ' • 



Soil-».cement mortar for the flooring should be made up in the proportions of 
one part • of cement to six or eight parts of -s&ndy --so-l-l; with the requisite 
amount "of water . t ?57// '. -.. X^ 

The soi~l^~cejsjient should be laid to a depth-of- -^ cm— i-n.-the following manner; 
■a layer of soil-c&ment, as specified, is laid between the reference points 
to form "guide strips" or ^'master, strips" approximately 7-5 cm Wide which must 
be well compacted. » 

. ■ X - . ■' 

All the sections of floor remaining between ' l guide s^Mps" ' is filled with 
the soil-cement mixture/ which must be : rammed firmly and uniformly until - 
maximum compaction „is obtained. 

Each section of floor under construction is finally levelled by sliding 
a "scraper"- 58/ 'between the "master strips"',- thus removing^ all excess material. 
The- surfaee is then finished off with a plastering trowel 3$/ (fig. 84 arid- 
8Ma)).> ■■■ •- ■ ' -, . ~ , . - 

When the s.oil-cement mortar has set sufficiently, the flooring surface is 
smoothed over with a finishing trcwel. - ' , 

. ... • ■ sit: ~ ■• 

Another method of finishing is to sprinkle water from a watering-can over t 
the floor (when the soil-cement mortar has set sufficiently), to dust it with 
dry cement, and finally -to «moothe it with a trowel. : .» : 

To ..obtain* a coloured finish, the? dry cement Tmist be> mixed with the pigment., 
in advance and. the. compound -dustqd ovfer the layer of soil- cement mortar 
when it is half set. The surface is ,-then , smoothed with the trowel. - \ 

r s / •_ . * .,'•* '.' .-Vf.' ' 

ToVyoid craqks^Hd~f^&sures;-£n the flooring, i% is" recommended that 
" shrinkages joint sv-sfiouid be left at ilitervals_of^ 1.5 m. These joints should be ^ 
deep and well defined (3 cm deep 'and 1-/2 cm wide, approximately). 

Thin soil-cement pieces — ■ _ • > , • 



■ These thin soil-clement pieees, which are' also known as floor tiles, 4o?p can 
be made with, the" CHJvA-RAM moulder, 46/ ' 

1 'To lay these tiles', the earth must be levelled and compacted as indicated 
above for soil- cement "made in situ. - ; ■ * 



36/* . Levelled and compacted earth.*? . '*•'•' 

37/ See "Preparation (The cement) "\ » * "; ;. c - '. ., • ' • 

38/' This is a straight piece of wood with rectangular faces,,, mea^ring 2.5 x 
7*5 cm and varying in length £rpnf'1.50 m to 4.00 m. , . 

39/ Fratas . A wooden tool know« in some Spanish- speaking countries as a 
' platacho or fratacho. ^ ; , ~~ ' * . ° . * ^ 

ho/- See annex Hi i'-Soll- cement floor tiles". , { 

~~ ^ - . -44- ' - • . ., . ! - 



•Whett- tHe .base, is finished., a -q.unatity.df mortar sufficiently moist to be 
spread easily- in a layer 2 "cm thick is la^d on top-;of it. The mortar is composed 
of "Qrie part (of cement to six parts 'of sandyN|pil (fig- 85)-. 



When laying flooring tiles, it is essential Strst to appoint 'some of then 
Ss reference points to serve as guides for' laying the -remainder (fig .-86). 

• Wherever possible, soil-cement tile is laid with overlapping seams, and ". 
it is gently tapped into the mortar . to' ensure perfe'ct adhesion. The remainder 
of the .tiles are laid in a s'imilar manner.. " 

«Gaps between tiles should be reduced to a minimum, -so. that their edges touch. 

'•Three days after the floor tiles are laid, the joints should be fronted 
with a cement slurry hi*/ made with pure. cement or cement and pigment, according 
to the type of, tile used in the flooring. The slurry is poured on the floor and 
spread evenly 'with a broom so that the joints are comp letely filled (fig. 8?) . 



After a few hours, the floor surface should be cleaned so. as to remove 
the 'surplus cement left on the_ tiles. » * . , • 

' ' The finished floor should be closed to. traffic for seven days. 



Sdll,- cement blocks 



To 'lay soil-cement blocks, the earth must be levelled and compacted as 
indicated above for soil-cement 'tiles. ■ * ' ' 

■ flocks to" he used for flooring must be made with a wearing surface posses sing 
the^Same functional qualities as that of- soil- cement tiles. k2/ The body.- 
of the block should 'be mSt'de f-rom a mixture of' one part of cement and six or: 
eight parts of 'sandy soil, kj / - * ■". r ~ 

When laying 1 - floors of so jLl- cement blocks, the instructions- given for 
.maiSLhg floors of soil-cement .tiles should be followed exactly. v ■•■"'. 




WALL FINISHES ' 

•In order to improve .upon the natural wall surface, it is usual to apply a 
coating, which may be any one of the following;. >; - : •• . •- 

(a) A paint - cement-based paint or lime-based paint; " - , 

• . (b) .A plaster - soil-cement taortar or L cement, mortar. >; 

i2 - " ... . ' i- ■ ' ' ' " 

;'.v: V-.flt.. ■ • •.'••■ "• ' " ' " / ' ' ' - ' ■*■•'. 



kl / A" compound of water and cement in a liquid state. 
k2/ See annex II: "Soil-rcement floor tiles", 
43/ See ."Preparation ^The ^cement)". 



Paint : 

Paint* is "a homogeneous mixture of one or more pigments in a Tnediujn, which 
is used ..to cover and/or protect objects with- a film of colour"; * " 

"Satisfactory results with. paints can he obtained only when the following 
factors are present-: (a) the product is of good quality; (b) the surface has been 
satisfactorily prepared; and (c) the paint is e6rrectly applied", hkf 

" Before painting ,^it is ;. necessary to cleanse the walls of mixture and dirt, ^ 
removing'' all loose material and filling any cavities. . 

Cement-based paint _ ' . ' , . .„. . '/^ 

•' " - ' '" i4 ^ ■ / 

Cement-based paints possess excellent properties, especially as waterproof ers, 

and they are very economical. Their essential ingredients^are cement-and r— 

water,, and pigment may be added. . , 



Before the painting of °a wall of soil-cement similar material begins, 
it. . ghonlri h° pprqy ^ w»^-pt- -in n r rtp r to pre v en t t he ' w al l from a 33SiQJb-iBR--water- 

f rom the paint and thus hindering its curing (fig. 88). 



. The paint .should be applied with, a brush in two eoats_:and- cured *fnr t h ree 
days by spraying. ■ . ' •, 



Lime-based paint 

This is one of the oldest- and most .economical paints used as a wall finish. 
It is essentially a lime wash, (lime and water), to which pigment may be added. ■ 

Lime wash is applied to the wall in two v C"r.^hre^c<iats with a brush 
(fig'. 89). ■ It can also be used in a, thicker form 'and, spread with a trowel; 
in the latter case, it is applied in one or two coats of greater thickness. ' 

.. - , • m*-r • — . . * *" • ' 

To, ensure greater adhesion of the paint to the wall, a quantity Of. glue _ ' 
or other binder is added to the wash (lime and water). "~ ' ' 

■• ■: r - ■ ■ ; , ■ * • . - . ■ • 

plaster, \ , * 

Plaster is-a wall covering, made with mortar, .which gives a smooth and , 
waterproof finish. 

Before applying plaster, it is desirable to prepare walis -by removing from 
their surfaces" any excess mortar protruding from joints or other extraneous matter 
- left -adhering to them during construction. . 



kh/ Argentine -Materials Standardization institute . 



Plaster of sol^cement, .mortar \ . 

The best mixtures for this type of plaster are: (a) one part of cement to 
five ro eight parts of sandy soil by volume; 45/ (b) the same mixture , plus a 
proportion of lime not exceeding 50 per cent of the amount-, of cement used. ; 

Before plastering,, reference points, are noted on the surface of the wall 
-at intervals , of 1.5 m; •thus/^ie^thiGkness -gf 'the coating , and, ' consequently, 
its "rightness'Lcaa^bk. determined (f'igj'90)v „ 

-. . '-. : : , 

"Guide strips- oe, "m^^r SJ> prifs" Y-^u em wide are applied between the . 
points' of reference and'-feff^fo dry for two days. Mortar is then applied between- 
two adjoining vertical strips and smoothed off, the surplus being removed with a. 
scraper. This is done by" resting the scraper oh' the "master strips" and sliding 
it "over them' (fig. -91) • This procedure Is continued until 'the whcrle surface of 
the wall has been - r e ndered. — A tool known as a plastering trowel is used to finish 
off the plaster surface. 

; : ; SoiLrcement plaster should be cured for three days by continuous spraying. 
Pla ster of cement mortar .; " 

. j-— — — — — — — — — , , -. ' 1 

~"~ The "correct proportions for the mortar are one part of -cement to between 
six and nine parts of sand "by volume. ' - ■ - . 

To apply this type of plaster, the instructions given_ above for plasters 
of soil- cement mortar should be strictly followed. 

' If : .'"V,. ■"■ 

Plaste r of lime mortar 

— ' - ; " " ' " '■ - ' ; ' ■• ' '4. 

In Regions where 'gooa/quality limes are available, it may be economical to. 
"use a certain proportion of lime in the'" mixture . • *•■ 

*'■ ' ■. ■■ * v • ■ "'■ ' . 

In Argentina., for example, it is usual to follow this procedure: ■ (a) a 
first coating of "thick plaster, consisting, of one^fourth part of cement, one 
. .part of paste lime, three parts, of coarse or medium sand and' one paist of 
brick dust (or an equal quantity by volume of fine sand), is applied to the 
wall, prepared as indicated above under "Plaster of soil-cement mortar"; 
(b) thi* coarse plaster is given a fine finish by , covering it with a mixture 
consisting of -two parts of paste lime to five parts of fine sand by volume. • 



45/ See "The- cement". 

• - '•' "•- ; ■■-•■,:;l:.7 ; ' : ' -47- 



V. ACCOMPLISHMENTS IN SOIL- CEMENT 



THE PURPOSE OF TUTS CHAPTER 

Soil-cement has acquired a reputation as an, excellent construction material. 
It is being us'ed more and more in all countries, especially in rural and suburban 
areas . , 

This chapter presents a number of examples which may be helpful to anyone 
wishing to try using this material for construction purposes. The examples also 
attest to the good qualities of soil-cement when it is properly employed . 

■ ' The instructions given -in : this paper are sufficiently complete to enable 
anyone who follows them to obtain results as good as, or better than, those 
illustrated here. 

' HOUSES i • ' 

Rural dwelling of soil- cement (lj — ; . . | ' • „ 

An experimental dwelling, basically of soil-cement, • in the village of 
Ghambiifibal/ Municipality "of Buga, Department of Valle del Cauca, Colombia. This 
building, was the outcome of a detailed study, in which several teachers and fellows 
from .the 1957 CIWVA regular course 'took part.;, It was designed to suit the 
characteristics and 'level of living of the inhabitants of. the region, and a more 
rational and advanced method of using local materials and techniques was applied^ 
in its construction. ' r? . 




- k6/ For numerical references, see the end of the qhapter. 



Sample house ■ of -soil-cement (2) . y \ 

Under an agreement between the Land Credit. Institute ( instituto de Credito 
•Territorial) of Colombia and CIWVA, it was decided to construct a soil-cement 

cottage . The object was to demonstrate v the correct way of using soil-cement 

blocks produced with the CINVA-RAM moulder. The project showed what economies 
could be effected through the use of this machine in self -help and mutual aid 
.programmes of rural housing'. ' t 



Rural dwelli ng, San Jeronimo (3) ' ■ 

— ■ : - r 

In 19'jo, CX1WA agreed with the Director of Rural Education of the Colombian 
Ministry of Education to carry out a pro ject 'of some magnitude in a rural 
environment-. Thus began the San Jeronimo (Antioqiiia) Pilot Project, which offered, 
a means of conducting a practical experiment, adapting working methods , training 
technical personnel with a practical outlook, and framing a possible solution to 
the rural housing problem with the use of educational, resources . . .- - 




House * of soil-cement blocks . (4) P ■ - , - „\ '' T 

The dwelling shown,, iij. the o photographs was built in Argentina, in 'the San Jose 
area of the Sierras de Cordoba.' . • \' ( ' 



Soil-cement house (5) .* . 

l-^^-Wa*lr--At[tBorfty'' of the Province of Buenos Aires decided to provide : 

adequate housing for its' overseers along, the canals which traverse much of the \ 
territory. It elected to try using soil-cement for hpildings in the No. ,l6 canal 
zone, in the Saladillo district. ' 
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Spil- cement house in- the United gtates of America (6) 

. ; — 1 — ; r~~ : : ' ~ ' ~ r ': ~. ; ' " . ?> •> 

In this design the" door and window openings .run from the. floor to the, roof, 
so that it was unnecessary to work' with the, soil-cement on small sections-:. or to , 
make the lintels- excessively strong;. "A. wood filling was used helow the windows. 





( , V ' / s / / 

' - * 



'-'•;feuses Uiiltat Caicedonia (Valle) with soil-cement ."blocks made with /the 
CIHVA-PiM ^ouliBrV-':; Ttiey are outstanding for the excellence of the masoliwork. 




Soil-cement house in Venezuela ; 

Soil-cement dwellings builtlunder contract in the city of -acas. ^hey 
show the excellent masonwor-k possible with prefabricated soil-cement components 
>The roof is of asbestos cement 



Soil-cement house in Venezuela (7) ^ i 

~: .._ » ■ i ■ '. 

Soil-cement dwelling built -for demonstration and practice in", the grounds of 
the 'Practical School of %riailture (M.A.C.) at Providencial. 'Recommended for warm 
climates by the MalariolOgy Division of the Public Health ^Department of the 
Venezuelan Ministry of Health and .Welfare . , . 





Soil-cement house in Brazil (8) / 



Villa constructed at Valle Florida, Municipality of Petropolis, State of 
Bib de Janeiro - 1 \ ..( . i. 



/['■ ' In- Brazil a number of projects using soil-cement wallipg have been carrier 
but;, primarily through, the efforts of the Brazilian Portland Cement Association 








r- 



So'il-cement house in Chile ( 10 ) '" ' _ ■ ■ . 

Experimental soil-cement structures erected try the Scientific Housing Centre, 
University of Chile. ' 
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Soil- cement house in Chile (ll) 



^^a€lrail' r lnstitute for Technological Resea^h and Standardization 

(inditecnork -with the collaboration of the,- De^artyent of Scientific and 

Te chno logi cal Re a earch of the Catholic University /of Chile, constructed this 

experimental soil-cement hous,e . { 




' ~- - SCHOOLS 

Tabio experimental country school ■ 

; Built experimentally at El. Salitre Village ^Municipality of Tabio, Department, 
oi v Cundinamarca, Co.l pmbia . I • 

This experiment had its origin in the p/ogramme and" study devised by CINVA 
to A' demonstrate a, methodology for the construction of rural schoqla' employing 
the efforts of the .rural -community concerned'!'' local materials and,.ifor making 
soil-cement blocks, the CINVA-RAM moulder. ■ 



Saucxo rural school ( 13 ) 

This project, carried eut at Saucio Village, Municipality of Choconta, 
Colombia, also had its origin in the pro'graicme"~'aR§— study mehtionefi in the preceding 
paragraph. . r ' 

i - ■» 

.The erection of this school provided a practical 'exercise as part of a 
process of "community development" , which may be defined as "the _ development-.of 
the potentialities of a community or social group towards a common end or 
collective benefit" . ' f? ' ' (I 

' ' . ;■ ■ t o 




/ ' - ; • ■ ■ . ' 1 " ■* • 

° - . , * v 

i : ' " . I 

. Rural school of sqil-cjemerrt; in Colombia ^ 

The Cundlnamar"ca ! Board of Education built at La .Calera,- near Bogota, a rural 
school with a metal frame and walls of prefabricated soil-dement blocks. 



CATENARIAN ARCH 



With a view to finding new applications for 'soil-cement blocks, the 
Technological Section of CINVil proceeded jln 1*958 to design and build at its 
"experimental "building station"; an arch of soil-cement blocks made wifh the 
CINVA-RAM moulder. - ', 

Tne fgrm selected was thd ' catenary , as being most suitable from the standpoint 
of thickness and constant weight throughout the arch. 

The' arch ' s dimensions arel: ' 

Clear spin ......... . . 6.5 metres 

Clear height . . .' . . . . . ■ • 3-0 metres 

Thickness'^ . ... . . ... • • . } 9 centimetres 

The basic material used was\ blocks of cement and (sandy) soil,, in the 
proportion of 1:10 by volume. Tl;e mortar used' between the blocks was 1:3 (cement- 
sand) by volume. 

The structural behaviour of ^he "arch has been satisfactory. At the time of 
writing (1963) no cracking whatever has occurred, and although not subjected to- 
load-bearing tests it has 'fortuitously supported the weight of Several persons. 

I ■ • A ■ : ' """"" " ~ ' ? " ~~ 

This kind of structure may obviously have important uses in rural areas, 

particularly as a cover for areas intended for storing goods and machinery. 



SOIL- CEMENT CISTERNS AND SILOS 



Domestic w.ater supply in rural dwellings presents a problem which is usually 
resolved by complex and co'stly methods. <, .> f * ( 

The cistern constructed of prefabricated soil-cement components .i s a Solution 
now being applied with ' good results. • , ' , . ' v 

The illustrations below show some experimental designs: 
Cistern 'for the experimental dwelling in Qhambimbal Village, Colombia '(lh) 




Cistern for the soil- cement, house built at the 'ciNVA "experimental building 
•station" (.1.5) ~ : -' v.---- , . ' ; / , ' _ ' 
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KITCHEN RANGES / , • 

The installation 'of a kitchen in rural dwellings Requires the construction 
of a range/ together with a stove-pipe to prevent fife/ hazards , which will 
generate sufficient- heat and can be produced cheaply by the. use of simple and 
.effective craft techniques / ' • „ • 



Bange Tor the experiment dwelling, at Cbemblmbal Village/ Colombia (17) 



Household range for the San Jerpnimo Rural Project, Colombia (l3) 

i v 




Range for the soil-eemerit cottage, Colombia (19) 




i 



7 ' 



. . ) 



jBange for' the Tabio experimental country school, Colombia (20) 




: . - OVENS . ' " . 

V : The oven is an indispensable adjunct to the rural dwelling in many country 
communities.' . .. 



Soil-cement 'oven for the c'ottage,,built at' the CIWA "experimental building 
station" (21) ' ~ v ~ 1 t " 
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Sail-cement oye 



: n for, the experimental dwelling at Chambimbal Village, Colombia (22) 




&THER USES 



Thermal insolation with soil-cement (23) 



" In seventy-four huildinga_:er^ted-ror the w^er authority (AMDA) at La Rioja 
tod Catamarca (Argentina), the roofs were made of precast concrete beams and slabs . 
Thermal insulation was provided by a packing .of soil-cement . 





Sp ecial sqll-cement "blocks for ventilation 

• * • Specially designed soil-cement blocks may be used to provide openings for 
.ventilation in the walls of a dwelling*, as was done in the .CI1TO. -"building shops" 
shown here . - i " ' ■ 




J! 

■J . 
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VI. ANNEXES \ . 



- ANNEX I , 



Test for l- ±_ g nf length by shrin kage of soil-^ , j - ^ , ^ , 

„ , a b© x without a lid exactly ^0 cm 'long inside by k cm wide ahd VW.de.ep' 
a Oil P r grease the inside s'urfsSbs of the box .thoroughly, /ut ih we$ soil . 
inside^ eme0 -t. The soil should have the optimum wetness, b/ "Rain the soil into 
without ee of ' tiie box . w ith a small stick, and finally use the stick to smooth off 
all corner ,p lace the box in the sun for at least three days or in the shade for . 

at7£t a sev*n days: ■ .jfc,nob let rain fall' on it. ^ 

"At -the end of„ this- time measure by how much the 'soil has become shorter in 
th bV shrinking^ ' You may have to add up 'the loss ifr length by shrinkage at 
length , y ^f^g.. box, or you may be able to push the soil, which should be _ dry and 

each en ^ measure mil the shrinkage at "the other end of the box. 

"hard, , to one cn^, ■ „. . s \^ . 

"Tf the- soil has shrunk not more than 12 mm use qne\part of cement to eighteen - 

•I- f soil. If it has shrunk more than 12; mm but less Than 25 mm, use one part of 

■ parts pi six ^. feen p ar ts. of soil. If it* has lost piore than 2Xmm 5 but less than 

cement P one par t of cement to fourteen 1 ' paifts of ,-spil, whileNtf it has lost more 

than^J&^but less- than 50 mm, .use one -paiit \pf cement t'o twelve'parts of soil. - 

"If the soil has cracked very 'badly at several place's, not j use, one pr two 

' ». -if it has arched up out of the box, or has shrunk more thak 50 mm, do - 
' cracks , or . , • M " . • x 

not use it for building. , , - 



.- / 



^/ Method suggested by A. E.S. Aldbck. . , , » ■. 

b/ See "Compaction" and "Adding the water, and wet mixing" , 



ANNEX II 



Soil- cement, floor- tiles \ 

- " Soil-demerit tiles for flooring can be made with tjhe CINvA-RAM moulder along the' 
same generatl lines as are indicated for block-making, cj 

The' soil-cement tile consists of two parts: the upper part, or wearing surf a ^ 
from 1 to | mm thick, and" the* [Lower part , or "body" of the tile, from 3-1 'to 3.^ • cm 
thick (fig. 85). ' ; " ., ? ." 

' i ' 15 1- '■'*"' ■ ' 

~- The mixture for the^"bod$" of the tile should contain one part of cement to 

between s.fit and, ej.ght parts of sandy soil by volume, with the requisite amount of 

water.- d/ The, instructions given far bio ck^mafeing apply to the choice and 

preparation of "'the soil, and to the mj^n^and compacting, e/ j ■ 

The wearing surface of the" tile may consist of pure cement,, a mortar of very 
fine 'sand in the - proportion of tw<i ©r three parts to one part of cement, or a 
mixture of cement, pigment and, fine s'and in proportions determined Experimentally^ 
according to the pigment used. '■'•'['•■ " - j,, - v 

Tfee CINVA-RAM- moulder is us;ed to make soil- cement, tile 'in the following manner: 

- (&) The special metal- covered wooden "plate or platform (fig. 92)-' supplied 
w^th^the machine is placed at4.the bottom of the met.al box. 

(b) The- material for the bearing I jsurf^ce of the tiie is^ placed in the mould 
. first, and the material f,or the body is then added. The whole is moulded so 

as to__obtain maximum, compaction* • ' . 

(c) The tile is "removed as shown in figure 93 • 

- [ ■ '' ' • g/" -', 

. (d) •The.'tlle is dried ai^d cured in the manner indicated for blocks.- 3 ' - 



c/ See "Preparation" and, "Thin so Ll| cement pieces", 

.d/,' See' "The .cement". ' | 

e/ See "Preparation" . : 

fj ' The plate is six centimetre's thick. 

& l~ See flocks'}. i ^ r , 



ANNEX III 



'. h / 

The- siphoning method- 

" ' Like the standard method, this new method is^based on the principle of 
•sedimentation. The latter is expressed by Stoke' s- law, which gives the rs^e of 
fall of a small sphere in "a viscous- fluid as: -., . ' , 



- ' T . gd (Y i- Y tf 

1 t ■, • l8n 



where : 



V = velocity in centimetres per second, - . 

" I - i "' ■ ■ , '.■'<■'' 

g ~ acceleration in centimetres per second per second'^ 
•d diameter of the sphere in centimetres, . 



. n = viscosity in :dyne^seconds per square centimetre- pr 'poises (changes with 
' temperature), /' 

Y l = specific gravity of the sphere in grammes per cubic '^centimetre, . • 

Y 2 =" specific gravity 'of the medium in grammes per cubic 1 centimetre. 

If the , velocity is measured in centimetres per minute^ and. d in millimetres: 

! • ' - i 



30n- 



In applying" Stokers- lawr.to "tHe^a&bemdjaation of '£he sizes of -particles in a 
-spi:i^*' f the^ollQwi^^ taken iSBoT-^sideration: , .'■ 

tiafy+ : - SoiiL "particles"- 'are not spherical. 'Some are angular, round, ditfl^shapej^" 
: ,a0f s& forth. Thus , "adcor.diqg -to J?;-, and W. Squires" of the Massachusetts ^/ 
^^ritute^oVjechhology, the relationship between the diameters of^jspherical 
shaped particles, is: f • 




D = 0',752- D*y ~a~ 

f ■ ■ > . ■ ... 

IP 



"h/* This method"ma!| been revised. It was. originally submitted by its -author^- to " : . 
~ ithe Americaji.^^ifety for Testing Materials , (ASTM) ■ iM 19^5 and published : dn- 
Jfaie XS$M Bullff*^||$jQ f lj^'in August 19^5 . The method was tested by 
''^m^,.\'c'.k: Johnston, of ihe. United Sif&tes : Public Roads Administration (see the , 
• ^jf^pMl* gplletin, -No." li+WiSf? -January 1947 The. slight - changes which have been 

'i' iirfr^h/ced'jii^ the m^^^asier to! use. Reprinted from Metodo, del Sifoneado 
. t - '^ para ^yAnajllis "riec^^^|ds ■SuejLos. ^'by .Raul Valle Rodas . Caracas, 1955- 



where : 



- -D =• diameter of sphere, 
\ " "D 1 '= id-iameter of disk, 

a L 'D/H, T 
-\ H = height of disk. 

r\, '(h) Stoke '& law relates to the motion of one sphere only and does not 
'therefore take' into account the reciprocal influence or interference among 
particles^ whieh certainly occurs in a mass of soil in- a fluid medium. 



v • 
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V 



\Ehe above -mentioned limitations , ^gmosg-*others , -show us that the granulome'tric 
analysis of a soil based, on the^princ'iple of sedimentation or on Stoke 's law', is , 
approximate . .-, 1 ' 

■ ~~ r 15 the proposed method^ the mean settling period of silt particles was taken 
as 1 centimetre" per minute. This value, as can be seen from table 1, proj£id£s~ 
a safety factor, because at the end of one. minute_a-ll— the silt particles will . 
have settled to a distance of one centimetre. Settling velocities were determined 
,for fluid temperatures of 10° to 50°C and for soil specific gravities ofl_2.25' 
to 2-95- These are the conditions normally found.- * ' 



Similarly, the mean velocity of fall for clay particles was taken as 
0.020 centime\re a s._per minute. Table II gives the velocity of fall for clay 
particles at "different temperatures and specific gravities. 



Scope 



■This method indicates the. procedure for determining .the percentages of stone, 
gravel, sa,nd, -silt^ and clay contained' in a soil. 



Apparatus 



-(a| . Balance'. AYpalance sensitive to O'.l g. 



S^ir 



(b) Stirring device . An electric stirring apparatus .-with removable, 
stirring paddle . It is\desirable v -that the dispersion cup should have baffle rods . 

- " / ' •• ..■ -\ ' . ' ■ \ . ■■ . 

Cc) Drying device . \ An electrical or kerose&e oven which can maintain a 
tempjeraturi ! of about 110°iy. ' - i "". , 



(d ) Graduated vessels, . /".Glass containers' with an inside diameter of not 

,25 centifaetres,. The 
laboratories are suitable. 



- _= ... - -r/less" than 6 .k centimetres aiid a height of not eless than 
7" — /■ graduates' of ljOOO-millimetr'e capacity commonly used in 



./>-"'-— . (e) Metal disk . A non-corrosive meta}." di.sk attached to a rod Xs:e& f-igure A), 
- — -to Separate the settled- materiel from that remaining -i^-suispehision.l 

-7— ^ — — — — 7 \ ; ' V ■ ;■ \: -. i 

— ,--_r:~sl- r - -g-iphon v , A rubber tube, to • siphon off the material r'em^lning*in- 'suspension 



-" 1 „ (g ), "Pyrex"^ glass beakers . \ ' Beakers- of about 6oO-mt capacity. 

— -7?— 1 = ' ,\ . r ' . \ ] ' w ' 

- , , — — .'. ..... .....„.,*..., . v ■ . . •■ . 



- /- 
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TABLE I 



Temperature 



50 
68 
86 



10 



20 




Specific grav/ity 



*-g/cm 



L 



2. ,95 
2; 65 
2.25 
A 95 
/2.65, 
2.25 
2-95 
2.6,5 

-2". 2? 



' Velocity - 
corre spending 
to a diameter 
d = 0\05 mm, 
cm/min' 



12.18 
10.30 
/ 7.81 
15 -85 ' 
13 .kl 
10.16 

19-89 

16.82-- 

12.75 



y 



Velocity 
corresponding 
to a diamete 
d =0.005 
_ cm/min/ 





'J. 



Mean velocity 
for silt particles, 
' cm/min* 



1.22 / 

1.Q3/ . 
0.78 

1/58 

yl.3^ 
^1.02 

1-97 
1.68 

"1.27 



luct of the 



,The mean Arel -city was,, taken" as the sajdare root of th e pre 

"'/ velocities corresponding to the largest and the smallest 7 size of silt 



particles. The mean velocity for c4ay particles was computed .in the, same way. 



/ 

/ 1 ■• 
/TABLE II 




/50 

68 

..86 



10 



20 



30 



Specific gravity/,' 
g/cv? 




Velocity 
cc responding* 
to a diameter 
d|= C005' mm, / 
! cm/min . / 



•0.122/. 
0.1Q3 
0.078 
9A58 

,6.13^ 

0.102" 

0.199 
0.168 . 

-0.127 




Velocity 
Corresponding 
'to a digjaetex- 
d = 0.001' mm, 
., ' qm/min- 



Q.00if-9 

. 0.00*0. . 
0:0031 
.©.0063 

o.oo5 1 + • 
o.ooin 

! 0.0080 V 

0.0067 
. 0.6051 




Mean velocity 

■ kau . 1 ' ulay ''particles, 
cm/min| ; • - 



0~.02\ 

0.020- 

0,016 

0.Q32- 

0.027 

0.020 

039' 
033 
0.026 



^ ^h) Sieves. A series of sieves of square-mesh woven wire cloth. .The sieves 
• required for Jhe test ar,e as 'follows: '- J ' _ 



V 



t ■ ■( i - Sieve Designation Sieve- 'Opening - . 

'» " " *'3/V'" •''('• >' - '• .■ 19.100 inm 

' . ' No. 10 /■ • ... 2 . 000 mnr . 

-N®. 60 .' . ^ • .0.^50 mm " — 

No. 200 ' """""" D. 074 mm 

. If*- more plotting points, a^re wanted for the granulometrit curve, a greater 
number of sieves may he used. ' \- : 1 : - 

' o »■ - - 

3. ' . Reagents ■ . 

(a) Dispersing agents . Any of the following agentp may! be .used: hydrogen 
peroxide, sodium hydroxide ,. solium carbonate, sodium oxalate, or ammonia. " 



(b ) . * Cef locculat'ing agents'. Sodium silicate or gum arabic solution . 



k. Sampling ': 

. ^ : .. . ; \ y. /■■•.,. r- ■ u ■ f- - 

* - A representative sample of about five kilogrammes is taken. The material is. , 
thoroughly mij^pd" so «as to break up^ttie* lumps, "but care must be taken not to '- 
fracture the •p^S-ticTeV.'" . •- ? ' - " '• ' ■ 

■ 5- Procedure^ .' - .re' , 3 . • 

(a) Us'e 50 to 100 grammes of the toven-^dried material passing -the^-Ke-i. 10- sieve. 

— '(b)' Place the soil in a beaker'and\add about ,300 ml of water, stirring : 
constantly until the soil is completely wetted. - . 

*In the case of clayey soils, it- is advisable also to- add about 100 ml of •' 
^hydrogen-- jferoxMe ---(.6 per cent) or^of . sodium hydroxide .( 3 per cent). Stir- the - I 
Mart-ure-v-cbBstairbiLy-. .white-. adH.ing'.'fche • "dispensing, agent • *»*. ' v 

' , / ' * "" N "' \ ■ IV ' '■ 

_ \ ; .1(0) LeavaAthe' sample 'to soak for at 'least one hour. * ^ .« 

J - •< / l ri.JT~ 1 ""' • ■ " x . ■ f ^- — ■ 

/ (d) If it. is noted that the soa.,1 "trends to flocculate (coagulate), add, 
shortly before it^is placed in" the . electric- stirring device, aboujt 20 ml of r .- 
sodfum silicate (3° Bautoe) or 50 ml of a solution of gum arabic (^5.2 grammes . 
of gum arable in onaf litre of water ) . , - I 

/ T=l ' _ - ■ 

'' : ' .Tihe amount and conti^htration of the reagents may be varied according to V 1 
the- characteristics of .the^oil. \ > 

• . ... .v^V '- . "■•- - 

i« (e) *Thie ' mixture is poT&-e$. carefully into ]:he dispersion cup and-»is then 



beaten in "the; electric -stirring- device for one minute 

(f)/ After the material. hW^een dispersed, ' transfer, it into a graduated 
■gla^s vessel and fill 1 the vess^ with water, toja height of least twenty ', 
cej^ime / tEes'.i>-^ v Shake -.-blpe. --eonteiits' thoroughly-)- turning the cy^|iiider ( upside down 

V * / • 'I • ' ' \ . 'I ■ ' I 1; j. >N 



1 '• s.' 1 ri 







and back several times with the palm'-.of one hantf^lacetf over the, mouth' of the - . 
Vessel- -and the-ether -ha-nd holding the^ base .(see figdjfe A>. 

' ". . 

(g) After -the shaking operation is completed, place the vessel on a table ■ 
' and let- the soil in- suspension settle for twenty minutes . 

If the contents of the vessel occupy a height of over 20 centimetres, add 
one minute for each centimetre' to the aforesaid settling period of twenty 
minutes . h/ , " . • ( „. \ ; 

• (h) After twenty minutes .carefully introduce the met al f disk. until it touches 
the material .settled at- the bottom. The purpose pf this is to sepjpate the 
Settled material from that ' still in, suspension.- ; • ' 

(i) Using a rubber tube, carefully siphon off the material still in 
suspension. ' 

* (j) Transfer the material settled at the .bottom of the vessel into a~ 

beaker. It is, recommen ded that a .wash bottle should be used Up removing the 
sample . Try not to use~too^nrdcfi" water, so that the container with the sample 
may be put into the oven at once. ■M- 

(k)' Place the container with the soil sample jn the oven until the sample 
■•.is completely dried, and weight the dry material . . 

'(l) . Sieve the dry material i?n the Nos. 6o.;,ghd ]200 sieves, end record the 
/weight of ' the material that passes eaeh sieve. ' ■ 

• 6. Report - , ■ 



"■ '-' " The percentage of material re'tained on- the 3/U" sieve is reported as stone. 



?r - The percentage of' material retained on the No. 10 sieve" is reported -as 



. gravel . 



v, 



The percentage of Imate^ial. retained on the No. 6o sieve is reported as 
coarse sand . 5 \ \ : • , , '~ ' ' ■ ■ ' 

7 t* \ f f >li ' •'■■.■'..;:•-'■■■'.-! ' ' ■ /""" - X 

■ jCne percentage- of material retained on the ; Nd . .200 sieve is- reported as 
fine sand. ; v , ... .\ . . 

.-The percentage' of ma-terialViich passes the No. 2C6 sieve and which previously 
settled is reported as silt 4 „. t ;'. — , 

" „ The percentage of "master ial which passes the No. 200 sieve'a'nd which was 
nreviously siphoned -off is reported as clay. • > ..v ' 1 • /• ' 

Note : In practice, the material which passes the No. 200 sieve (0.07^ mm} 
cs^be classified as silt. However, if it is thought desirable to report, 
.only particles smaller than 0-P50 mm as silt, the No. 270 s;Leve~ (-^^ 0_^L - 
< can* be used;, Cjr the percentage corresponding to 0. 05 mm on/the .gramlomefric 
! ciixve '.can. be taken. ., . ' , — ''' . ■ \ / ■ ' .1 



h/ The settling period for silt particles was calculated ay one centimetre pjer 
"~ - minute, . ' < \ * ■ ■ 

■- ; '/ - .,; "- "■>' -v • ' -75-) . . • x; . 



Granulometric curve 



Where the aperture size in millimetres of the" different sieves used- is known, 
it is a simple matter to plot a granulometric curve,' as shown in, figure B. The 
use of semilpgarithmic ■ paper is recommended in plotting this curve. 



Examples 

Example No .\ 1 . ' (All the material passes, the Wo. 10 sieve.) 
Weight of oven-dried' material .... . . . . .- . . . . . . . 100 -grammes 

Weight of settled material remaining' after siphoning ... 55 " 
-Difference (clay) ..................... ^5 grammes 



, ( Weight of material retained on the 
• v ( ... No. 60 sieve (coarse- sand) . ... 

Results of- sift- ( 

ing the material ( Weight of material retained on the 
regaining, after ( No. -200 sieve (fine sand) . . . 
siphoning ( • 

( Weight of material passing the 
1 "X_ _ No. .200-, sieve (silt) 



20 grammes 



19 



55 grammes 



* Thus we have : 

-Gravel '(matesrial retained on the No. 10 sieve) .... \ 0.0 grammes 0.0 per 

'Coarse sand "(material retained on the No. 6o sieve) '. . . -20.0 ". 20.0' 

.Fine sand (material retained on the No. 200 sieve) . . . l6.0 " l6.0 " 

-Silt (material 'passing the No. 200 sieve) ... . . . . • 19.0 "' '19-0 " 

' .r . ' 

- ■ - ... . f . ' . ' 

Clay (material siphoned off) .. . . . • • • - • ^5-0 " ^5-0 .," 



cent 



:4- 



100.0 per cent 



Example No. 2 . (Only a part, of the material pasfes the No., 10 sieve.) 
retained on the '3/V sie\e ■ 1 _^-^-r~T~. ... 10 per cent (stone) 



Material retained, on the^No". s 10~s±eve— *~ — -^-.^t.^ • • • 15 
Material passing the No. lO^sieve , .......... 75. 



(gravel) j 

(sand, silt 
and clay) 



-/Results of the test conducted with the material passing .the No. 10 sieve: 



Weight of the oven-dried " 

* material . 100 grammes . 

Weight, of the,.settled : '/ ''• ' (Retained .on Kg. 60 / . , • 12 grammes 

-material . . . • 68 grammes Attained on No. 200 ... 20 grammes 

.(Passing No. 200 ,. 36 ' grammes 



Difference (clay) . * 32 gramme s_ 

■ . ' " « ■ - 

" ' i. 9 : f , 

Final. Results.: , ; * ... 

Stone . . . . • • • • / ■ • ,• • •. • • 10 -O' per cent 

Gravel . . . . , .... 15 .0 

Coarse sand . . 12 g x 0.75 • • •/_•_.. 9.0 » 

Pine sand . . . '20 g* 0-75 •,• • t •■■ 15«0 

ISilt . . . V s . 36 g'x 0.7-5 ■ • • • • 27.0 

Clay : V>K .. ..32 g x 0.75 : - I< • • 2!+.0 



68 grammes- 

t 



100.0 per cent 



Colloidal material 



The/classif ication given above is 1 the one normally used ,in practice , 
I H-y.--:> - : 'VV. - / ■ , . - 

^- -twwever, it Is desired /to .a'scert'^n the percentage of colloidal matter. ■ 

(parties smaller than 0.001 mifllime^e s"); incl ude i» the "clay fraction , the • 
•following procedure should be used 



(a) Transfer the (material siphoned according to section 5 above to ' another 
.' graduated vessel i ■ . /. ■ . . • 

(p)" Fill the. vessel containing the' siphoned material with water to a height 
_ '■ of 20 centimetres,, -mix thoroughly, and stand on a ! table for seventeen hours. 

\-f ' ■ '-The velocity of fall for 'clay particles was calculated at- 

Q.020 centimetres 'per minute. . • / . _ ' 

- (c) After "se-Jenteen hours introduce .^bhe metal' disk and siphon off the , 
material remaining 'in suspension." Th^'material in suspension is .classified 
,:. as colloidal matter. . \ \ \ v %, ' ' / ... > 



Zi- Example ; Suppose that the ^5 per cent of cfLay (clay '+ colloids') obtained in 
example No. 1 is transferred to a graduated vessjel and subjected to a second 
siphoning after seventeen hours-:. •» . * I - r - 

Weight of the material siphoned .• 

off iii the first operation/ • • ^-5 grammes 



Weight of- -the material retained 

. . after the second siphoning . . .. 3^ 



3'4 per' cent 
11 per cent , 



Difference (colloidal material) . '. ■ . . . . 'll grammes 

■i Thus we find that the V? per cent "clay fraction" is composed >of : '■ 
.'■ , Clay . . . • • ' • • • • • 3^ per cent 
Colloidal. material' . . .11 per cent 



X 



1 



COMPARISON BETWEEN 



obtained by the Standard Method, but th 



THE STANDARD METHOD AND 



THE SIPHONING METHOD 

I/' ' 



The results obtained by this method-' are practically identical with those 



test is quicker and sampler to perform. 



The comparative^ table helow shows some' bf the advantages of using the siphoning 
method. . % . ' - ■ / ' ■ .. ■ 



Standard Method 



Siphoning^Methpd 



•Specific- gravity determination ... 
Use of hydrometer , . ; ' » 
Temperature correction' 
Specific gravity correction 
--Hydrometer co^rect-ipn 

"1 , y ' , ' ■ X| 

Soaking, period 



w '' Sedimentation period 
Computjations v . 



•~ i. 



Total testing. time per 
' r sample' (gxclusive of, 
- drying and sieving) I 

'^Number of staples -.that' can 



/ 



be tested 
wftrking dky 



pe'r eight -hour 



Necessary 

Necessary 

Necess"ary 

Necessary 

Necessary 

18 hours i . 

60 minutes 

Laborious ; 
—^charts' -and 
slide rule 
needed, 

• 19 hours 
I 10 



iNot necessary 
pHot necessary 
Sot necessary 
Hot. necessary) 
iot necessary 
1\ hour ' 



ipinutes 

simple: \ 
.either charts 
.or slide rule 
.eeded ' 



1; 1/3 hours 



50; 



i 
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Fig. 9 Compaction curve 
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Fig. 10 -Testing the plasticityrof a clay by touch. Fig. 10 (a) Testing the plasticity of a" clay -by toucrf: 






Fig. 1 1 Sedimentation test: shake the bottle 
vigordusly. I „ _ •, ■ . ' 



Fig. 11 (a) Sedimentation test: the material 
is left to settle.. 





Fig. 12 Forming a ball of soil for the separation 
(shaking) test. I / . • \ 



Fig. 12 (a) . Shaking the v ball o.f soil horizontally- 





Fig. 13 Separation (shakiag) test^aueezin^-theV- ~Rg.44 -Bry strengtJrtestrpuTverizing the-ball of 

ball of soil with the fingers. • \ soil between the fingers. 
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Fig. 15 Brightness test: 



Fig.' 20 ' TestEng'the tensile strength of a 
- soil-cement block. • 



Fig. 21 Sound' test, 




Fig. 32 Rammers for compacting / , Fig. 33 One-piece mould. 

v m^nojlthic walling. / 

■ •/ ' 





Fig. 34 . Making blocks with a mould made of 
detachable parts and hinged. 




Fig. 35 "Pusher" 



\ Fig. 35 (a) Block-making mould, showing 
* ' the "pusher" in, use, 




'4 




1. The COVER. A' rectangle of metal, 
joined to the box by two movable rods 
at the- side to allow it to slide open and 
to close. Above jt are two brackets to 
house, one of the upper shafts of the- 
lever's connecting rods. 

2. The^EVERr^Consists offset of 
connecting rfods/* operated, by hand, 
which set thepiMdft in motion: 

•3)\ The BOX. A metal mould supported 
by four angular iron tegs, constituting 
th« v frame-Q^ the whole mechanism. 

4. The PISTQF^Consists qfa cylinder, 
guided between two adjustable angles 
and ending in a .rectangular plate which 
serves as a compression plunger. To" this 

, ptate is screwed' a piece of woqcj, the 
furtcj&'on of wh*eh Is to-stamp the blocks " 
If soHd ijldcks,are b wanted r this wooden 
piece can be taken off by removing the 

' screws and filling the holes left fn the 
ptate with small screws. * 

A. SCREWS FOR LOOSENING THE 
PISTON GUKJES. Are used to loosen 
the piston if it fits too tightly between 
the guides,* or vide ver#a. 



Fig. 36 CINVA-RAM moulder 'for the production of sqil-cement blocks: explanatory sketch 



.J 
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Fig. 3*8. Placing a plate in the moulder. 



' V 
Fig. 38 (a) Removing the block, together^ 

with the plate. \ 



Fig. 4_Q_ -Watering the blocks. 



Figs. 39 and 39" (a) Drying and curing the blocks. 
Newly-made blocks are kept under cover. 
Stacked blocks'^ 





Fig. 58 Laying soil-cement ,blocks with a 
"block. Jftfer".- • 




Bonding of walls of soil-cement blocks Fig. 59 (a) . Bonding of -walls of soil-cement blocks laid, 
laid as stretchers. - courses- of headers and, double stretchers*' 





Fig. 67 Wooden Jintel. 



Fig. 66 " '' . 

Extra metal reinforcements for wails of s&il-cement. 
blocks are highly desirable in active seismic regions. 




Fig. 68 Lintel prefabricated in U-btecks. 





Fig. 69 Prefabricated lintel set in a wall. 



Fig. 69 (a) Seams of monolithic walling are. bonded 
c , and are tongued and. grooved.! 
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GUIDES 0.05 X 0.075 



SUPPORTS 0,075 X 0.10 
OP THE TOTAL HEIGHT *s. 
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Fig. ZQ^ Three types of shuttering for monolithic walling. - Fig. 70 (a) Shuttering for monolithic 

■ - wallirig (Argentine Portland 

4. • . r •' Cement Institute). . 

■ < . /.'.... . ■...*' • ' 
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created in l8 9 during the Firs* International Conference of American States, 
held in Washington, D.C Today^t operates through a large number of different 
agencies and institutions throughout the Hemisphere, all contributing- to the 
objective of preserving the peace $id security of the member states and 
promoting, by eo-operation actions/their economic, social, and cultural ■ ■ 
development. -The Pan American Union, the .central and permanent organ and 
General Secretariat of the OAS.," has its headquarters in Washington, D.C. 



i*- i^Ji ^ . ^ui .wi ^i.jyidi 3 j,j oLiO)..^ ^.vi 

HOW TO OBTAIN UNITED NATIONS PUBLICATIONS 

United Nations publications may be obtained from bookstores and distributors 
throughout the world. .Consult your bookstore, or. write tp: United Nations Sales 
Section, New York or Geneva. - • - 

• COMMENT SE PROCURER LES PUBLICATIONS DES NATIONS UNIES v* < 

Les publications des Nations Unies sont en vente dans les librairies et^les agehces 
deposjtaires du mpndo entier. Informez-yous aupres de votre libraire bu adressez-vous 
. h : Nations Unies, Section des Rentes, New York ou Geneve. ' " »■ ■ " 

, KAK nO-l,VHHTI. H3AAHHH OPrAHH 3Am?H OB^EflHHBHHHX HAU.MH 

H3 fl anHH OpraHHaauHH G>6T,eflH.HeHHbix Haunfl mojkho KynH-ri.-s khhjkhwx Mara- 
3H H a^ H areHTCTBax bo Wex paiioHax MHpa. HBBbaHTe cnpauKH 66 HaflaHHHX B 
,-,BauieM i .KHHjicHOM MaraaHHe wih rmuiHTe no aapecy: OpriiH«3aiiHfl i06T»eflHHeHHi»ix 
HauHft, CeuiiHH no npoflawe H3flaHnfl, Hbro-HopK hhh JKekeBar 
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